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CHAPTER ONE
INTRODUCTION
1.1 I r o n - C h a l 11r oSYl s  : S t r u c t u r e . Synfchesls.._and. R é a c t i o n s .
I n  1858, Roussin^  d e m o n s t ra te d  t h a t  a d d i t i o n  o f  i ro n (n )  s u l p h a t e
t o  an  aqueous  m ix tu re  o f  ammonium s u lp h i d e  and sodium n i t r i t e  y i e l d e d
a  b l a c k  w a te r  s o l u b l e  com plex, [Fe^S gfN O )^]" . The c r y s t a l  s t r u c t u r e
2o f  t h i s  a n io n  h a s  been  d e te rm in e d  by b o th  Jo h an so n  and Lipscomb i n
oth e  caes ium  s a l t  and by Chu and Dahl ( f i g . 1 ,1 )  i n  t h e
t e t r a p h e n y la r s o n iu m  s a l t .  The complex c o n s i s t s  o f  a  t r i g o n a l  pyram id 
o f  i r o n  a tom s, w i th  t r i p l y - b r i d g i n g  s u lp h u r  atoms above t h r e e  f a c e s  o f  
t h e  p y ram id . The u n iq u e  a p i c a l  i r o n  atom i n  t h e  complex i s
c o o r d i n a te d  t o  a  s i n g l e  n i t r o s y l ,  t h r e e  s u lp h u r  atoms and th e  t h r e e  
b a s a l  i r o n  a to m s .  The t h r e e  e q u i v a l e n t  b a s a l  i r o n  atoms a r e
c o o r d in a te d  to  two n i t r o s y l  l i g a n d s ,  t h e  a p i c a l  i r o n  and two b r i d g i n g
s u lp h u r  a tom s. There  a r e  no d i r e c t  bonds be tw een  th e  b a s a l  i r o n
a to m s ,
©  Fe
® s 
O N 
O o
F I b . 1 .1 ;  s t r u c t u r e  o f  R o u s s l n ' s  B lack  s a l t ^ .
2 -
I n  a d d i t i o n  to  r e p o r t i n g  t h e  f o r m a t io n  o f  s a l t s  o f  [Fe^S^(NO),^]“ ,
1R o u s s l n ' s  B lack  S a l t ( R B S ) ,  R o u ss in  o b se rv e d  t h a t  a  r e d  s o l u t i o n  i s  
g e n e r a t e d  by r e f l u x i n g  [Fej^S^(NO)^]~ i n  aqueous b a s e .  T h is  complex 
h as  s in c e  been  c h a r a c t e r i s e d  a s  c o n t a i n i n g  th e  d i a n i o n  
R o u s s i n ' s  Red S a l t ^ .  The c r y s t a l  s t r u c t u r e  o f  t h i s  a n io n  has  r e c e n t l y  
been  d e te rm in e d  by L in ,  Huang and Lu and c o n s i s t s  o f  a  p l a n a r  Fe^S^ 
r i n g  ( f i g .  1 . 2 ) .  I t  h a s  been  found t h a t  t h e  b r i d g i n g  s u lp h u r  atoms 
can  be a l k y l a t e d  by t h e  a c t i o n  o f  a l k y l  h a l i d e s ^ t o  y i e l d  a l k y l  
e s t e r s  o f  t h e  r e d  s a l t  F e2 ( 8 R)2 (N0 ) ^ ,  The c r y s t a l  s t r u c t u r e  o f  t h e  
e t h y l  e s t e r ,  Fe2 ( 8 E t ) 2 (N0 )^  h a s  b een  d e te rm in e d ^  and i s  a n a lo g o u s  to  
t h a t  o b t a in e d  f o r  [FegSgXNO)^]"^,
O - N ^  /  \Fe Fe.
O - N - ^  \  /  N ^ o
F ig .  1 .2 ;  S t r u c t u r e  o f  R o u s s i n ' s  Red s a l t ^ .
The m ercury  com plex, [F e(C 0 )g(N 0 ) ] 2Hg h a s  been  shown t o  r e a c t
Ow i th  e le m e n ta l  s u lp h u r  t o  y i e l d  t h e  cubane  a n a lo g u e ,  Fe^S^(NO)^. 
X - ra y  s t r u c t u r a l  a n a l y s i s  o f  t h e  complex ( f i g . 1 .3 )  r e v e a l s  i t  t o  be 
composed o f  a  t e t r a h e d r o n  o f  i r o n  a tom s, w i th  a  t r i p l y - b r i d g i n g  
s u lp h u r  atom above each  o f  t h e  f o u r  f a c e s  o f  t h e  t e t r a h e d r o n  and w i th  
a  s i n g l e  n i t r o s y l  l ig a n d  t e r m i n a l l y  bound t o  each  i r o n  atom . Chu and 
D ah l‘S d e m o n s t ra te d  by c y c l i c  v o l ta m m e try  t h a t  t h e  cubane a n a lo g u e
-  3 -
e x h i b i t s  two r e v e r s i b l e  one  e l e c t r o n  o x i d a t i o n / r e d u c t i o n  waves • t o  
y i e l d  [F e ^8 ^ (N 0 )y ]^  ( n = ~ 1 ,0 ,+ 1 ) .  I n  an a t t e m p t  t o  i s o l a t e  t h e  
m onoanion from i t  was found t h a t  t h e  r e s u l t i n g  p r o d u c t  was
th e  monoanion [Fe^S^(N O )^]“ T h is  r e a c t i o n  i s  an  example o f  t h e
i n t e r c o n v e r t i b i l i t y  o f  t h e s e  i r o n - s u l p h u r - n i t r o s y l s ,
©  Fe
#  s 
O N
Q  O
F ig .  1 .3 ;  s t r u c t u r e  o f  t h e  cubane a n a lo g u e  Fe^S^(ND)^ ,
E a r ly  s t u d i e s  on t h e  com plexes  [Fe^S^CNO)^]” ^ ,  i t s  a l k y l  
a n a l o g u e s a n d  [Fe^Sg(NO)y]~ 16-20 m a in ly  c o n c e rn e d  w i th
d e te r m in in g  t h e i r  s t r u c t u r e  and c o n s t i t u t i o n ;  s p e c i f i c a l l y  t o  
d e te r m in e  th e  • o x i d a t i o n  s t a t e  o f  t h e  c o n s t i t u e n t  i r o n  a tom s. Form al 
o x i d a t i o n  s t a t e s  can be a s c r i b e d  t o  t h e  c o n s t i t u e n t  m e ta l  atoms i f  i t  
i s  assumed t h a t  t h e  s u lp h u r  i s  p r e s e n t  a s  S*"  ^ and t h a t  t h e  n i t r o s y l s  
a r e  p r e s e n t  as  NO^ (from  t h e  a p p r o x im a te ly  l i n e a r  Fe-N -0  b o n d s ^ ) .
•7Using t h e s e  v a l u e s ,  fo rm a l  o x i d a t i o n  s t a t e s  o f  +1(d  ) f o r  t h e  i r o n  
atoms i n  t h e  cubane a n a lo g u e  Fe^S^(NO)^ and - l ( d ^ )  f o r  t h e  i r o n  atoms 
i n  b o th  [Fe2S2(N 0)^]~^  and Fe^CSRjgCNO)^ can  be a s s i g n e d .  I f  a l l  o f  
t h e  i r o n  atoms i n  [FeySg(NO)y]~ have  t h e  same o x i d a t i o n  s t a t e ,  th e n  
t h e  r e s u l t i n g  a s c r i b e d  o x i d a t i o n  s t a t e  i s  - 1 / 2 .  I f  however t h e  a p i c a l
7i r o n  atom i s  assumed t o  be e s s e n t i a l l y  i d e n t i c a l  t o  t h e  +1(d ) i r o n  
atom s i n  Fe^S^(NO)^ t h e n  t h e  b a s a l  d i n i t r o s y l a t e d  i r o n  atoms a r e
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a s c r i b e d  a  fo rm a l  o x i d a t i o n  s t a t e  o f  - l ( d ^ ) ,  t h e  same a s  f o r  i r o n  i n
FegfSRÏgCNO)^ and MGssbauer e x a m in a t io n  o f
[Fe^Sg(NO)y]~ by v a r i o u s  w o rk e rs  has  r e s u l t e d  i n  i n c o n s i s t e n t
21r e s u l t s .  A low te m p e r a tu r e  s tu d y  r e v e a le d  a 3 :1  r a t i o  o f  two ty p e s
o f  i r o n  assumed to  be - 1 ( d )  and +1(d ) r e s p e c t i v e l y  which a g r e e s  w i th
th e  fo rm a l  o x i d a t i o n  s t a t e s  a s c r i b e d  above . However, a  more r e c e n t  
22s tu d y  i n d i c a t e s  t h a t  d i f f e r e n t i a t i o n ,  be tw een  t h e  two d i f f e r e n t  ty p e s  
o f  i r o n  atom i s  n o t  p o s s i b l e .
From th e  modern v i e w p o in t ,  t h e  a rgum en t o v e r  t h e  o x i d a t i o n  s t a t e s  
o f  t h e  c o n s t i t u e n t  atoms i n  t h e s e  m e ta l  c l u s t e r s  i s  e s s e n t i a l l y  
i r r e l e v a n t  s i n c e  bond ing  i n  t h e s e  compounds i s  b e s t  c o n s id e r e d  i n
29m o le c u la r  o r b i t a l  t e r ra s ,  Dahl and cow orkers  have  d e v e lo p e d  a 
q u a l i t a t i v e  c l u s t e r  m o le c u la r  o r b i t a l  model f o r  t h e  Fe^S^ cubane 
a n a lo g u e s  and have  used  an a n a lo g o u s  d e s c r i p t i o n  f o r  t h e  bond ing  i n  
[F e ^ 8 g (N 0 )y ]"  T h is  i n v o l v e s  o c c u p a t io n  o f  17 o u t  o f  20 t e t r a  i r o n
c l u s t e r  m o le c u la r  o r b i t a l s ,  t h e  34 v a le n c e  e l e c t r o n s  coming from  one
7 Qa p i c a l  d i r o n  atom and t h r e e  b a s a l  d i r o n  a to m s .  Under a  l o c a l i s e d
v a le n c e  bond r e p r e s e n t a t i o n ,  t h i s  i s  e q u i v a l e n t  t o  t h e r e  b e in g  an
e l e c t r o n - p a i r  bond be tw een  t h e  a p i c a l  i r o n  atom and each  o f  t h e  b a s a l
i r o n  a tom s, A more q u a n t i t a t i v e  model has  been  d e v e lo p e d  f o r  m e ta l
c l u s t e r s  by Hoffmann and c o w o r k e r s ^ ^ '^ ^ .  T h is  h a s  been  a p p l i e d  t o  t h e
m e ta l  c l u s t e r s  [Fej^S^(NO)^], [Fe^SgCNOO^]" t o g e t h e r  w i th
and i t s  a c i d ,  Fe2 (SH)2 (N0 )^  t o  o b t a i n  a  more
q u a n t i t a t i v e  model o f  t h e  bond ing  i n  t h e s e  compounds^^.
-  5
I r o n - c h a l c o g e n - n i t r o s y l s  have  been  shown t o  d e m o n s t r a te  many
s t r u c t u r a l  s i m i l a r i t i e s .  The cubane a n a lo g u e s  Fe^8^(N 0)^  and
8 27Fej^8e^(N0)^ have  b o th  been  c h a r a c t e r i s e d  by x - r a y  s p e c t r o s c o p y  ’
I n  b o th  o f  t h e s e  com plexes  t h e  Fe^X^ c o r e s  d e m o n s t ra te  c u b ic  T^
g e o m e try ,  t h e  m ajo r  s t r u c t u r a l  v a r i a t i o n  be tw een  t h e  s u lp h u r  and
se le n iu m  a n a lo g u e  b e in g  an  i n c r e a s e  i n  bond l e n g t h s  which h as  been
d e s c r i b e d  a s  b e in g  p r i m a r i l y  due t o  t h e  i n c r e a s e  i n  t h e  si%e o f  t h e  
27c h a lc o g e n  atoms . I n  a d d i t i o n  t o  t h e  s t r u c t u r a l  c h a r a c t e r i s a t i o n  o f
28t h e  n e u t r a l  com p lexes ,  th e  m onoanions [F e ^S ^ (N O )^]” and
[Fe^8e^(N 0)^T" have  been  i s o l a t e d  and c h a r a c t e r i s e d .  L ik e  t h e
n e u t r a l  com p lexes ,  t h e  m onoanions a r e  e s s e n t i a l l y  i d e n t i c a l ,  The
^ 2 27d i a n i o n  [Fe^Be^(NO)^] h a s  been  s y n t h e s i s e d  , though  i t  h a s  y e t  t o
26be s t r u c t u r a l l y  c h a r a c t e r i s e d .  M o le c u la r  o r b i t a l  m odels  o f  t h e  
re d u c e d  com plexes [Fe^8^(N0)j^] '” and [Fe^S ^fN O j^]"^  p l a c e  t h e  
a d d i t i o n a l  e l e c t r o n s  i n t o  a n t ib o n d in g  m o le c u la r  o r b i t a l s  w i t h i n  t h e  
t e t r a m e t a l  c o r e .  The r e s u l t i n g  com plexes a r e  presumed to  be l e s s  
s t a b l e  th a n  th e  o r i g i n a l  com plexes ;  t h i s  i s  d e m o n s t ra te d  by th e  
o b se rv e d  re a d y  d e c o m p o s i t io n  o f  t h e  d i a n io n ;  [F e^8 e^ (N 0 )^ ]
I n  a d d i t i o n  t o  t h e  p r e p a r a t i o n  o f  t h e  ^ ^ - a l k y l t h i o l a t o  com plexes
F e2 (SR)2 (N0 )^  b o th  s e l e n i u m ^ a n d  t e l l u r i u m ^ ^ '3 0 ,3 1  a n a lo g u e s  have
been  p r e p a r e d .  C r y s t a l  s t r u c t u r e s  o f  b o th  Fe^CSEtj^CNO)^^ and
FegXTePhjgCNO)^^? have  b e e n  r e p o r t e d ,  a l th o u g h  a s  y e t  a  c r y s t a l
s t r u c t u r e  o f  a  s e le n iu m  a n a lo g u e  h a s  n o t  been  r e c o r d e d .  The s e r i e s  o f
compounds Fe^B^CNO)^ a r e  a l l  d i a m a g n e t i c ,  t h i s  h as  been  e x p la in e d  a s
opb e in g  due t o  t h e  e x i s t e n c e  o f  an  F e -F e  bond , I n  t h e  ' q u a n t i t a t i v e '  
m o le c u la r  o r b i t a l  e x a m in a t io n ^ ^  o f  b o th  [Fe^S^CNO) and
-1 9FegfSHjgCNO)^ t h e  i r o n  atoms a r e  r e g a r d e d  as  Fe , d : r e s u l t i n g  i n
n in e  o c c u p ie d  m o le c u la r  o r b i t a l s  p r i m a r i l y  c o n c e n t r a t e d  on t h e  i r o n
a to m s .  F iv e  o f  t h e s e  a r e  a s s ig n e d  bond ing  and f o u r  a n t ib o n d in g  w i th  
r e s p e c t  to  th e  i r o n - i r o n  i n t e r a c t i o n ,  i n d i c a t i v e  o f  a  n e t  t o t a l  o f  two 
b ond ing  e l e c t r o n s .  Com parison o f  t h e  s t r u c t u r e s  o f  t h e  s u lp h u r  and
t e l l u r i u m  com plexes shows t h e r e  t o  be a  l a r g e  d e v i a t i o n  i n  t h e  p l a n a r
FSgBg (B=8^,Te^%I^^p33) rhombus when th e  b r id g i n g  atom s a r e  changed 
from S t o  Te: c a . ? 4 ,0 °  t o  6 7 .2 °  f o r  t h e  F e -S -F e  and F e -T e -F e  a n g le s
r e s p e c t i v e l y .  T h is  d i s t o r t i o n  o f  t h e  Fe^B^ r i n g  h a s  been  e x p la in e d  as
r e s u l t i n g  from a m in im iz a t io n  i n  t h e  i n c r e a s e  i n  t h e  Fe-Fe  bond
d i s t a n c e  o f  0 ,0 8 ?  (from  2,72% t o  2.80%) r e l a t i v e  t o  th e  i n c r e a s e  i n
t h e  Fe-B d i s t a n c e  o f  0.27% (from  2.26% t o  2 .53% ).
I n  a d d i t i o n  t o  t h e  y u ^ -c h a lco g e n  a n a lo g u e s  o f  Fe2X2(N0)^ a  number 
o f  o t h e r  a n a lo g u e s  a r e  known, w i th  b r id g i n g  g r o u p s ,  I~  Br~ ,
PR2~ and AsMe2~ The c r y s t a l  s t r u c t u r e  o f  t h e  /A2 - io d o  complex
^°2^2^^^^4  h a s  been  r e p o r t e d ^ ^ ;  com parison  o f  i t s  s t r u c t u r e  w i th  t h o s e  
o f  t h e  c h a lc o g e n  a n a lo g u e s  Fe2 (XR)2 (N0 )^  y i e l d s  n o te w o r th y  
i n c o n s i s t e n c i e s .  Exchange o f  PhTe*" f o r  E tS" r e s u l t s  i n  a  d e c r e a s e  i n  
t h e  Fe-B -Fe  bond a n g le  o f  6 . 8 ° ;  t h i s  i s  n o t a b l y  l a r g e r  th a n  t h e  1 .4 °  
f o r  t h e  exchange o f  i o d i d e  f o r  E tS“ , T h is  i s  s u r p r i s i n g  s i n c e  
t e l l u r i u m  and i o d i n e  a r e  more s i m i l a r  i n  s i z e  t h a n  s u lp h u r  and 
t e l l u r i u m .  S u b s t i t u t i o n  o f  i o d i n e  f o r  RS"" r e s u l t s  i n  a 
e x p a n s io n  which r e s u l t s  i n  an  i n c r e a s e  i n  t h e  F e -F e  bond d i s t a n c e  o f
0.33% (from  2.73% t o  3,05%) r e s u l t i n g  i n  a  w eaker F e-F e  bond . The 
c r y s t a l  s t r u c t u r e  o f  t h e  complex Fe2 (PMe2 ) 2 (N0 )^  i s  known 
Com parison o f  i t s  s t r u c t u r e  w i th  t h a t  o f  i t s  c h a lc o g e n  and i o d i d e  
a n a lo g u e s  r e v e a l s  t h e  compound t o  be v e ry  s i m i l a r  t o  t h a t  o f
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Fe (SE tjg fN O )^  (Fe-B=2.22% , F e -F e = 2 .7 lS  and F e -B -F e = 7 5 .4 * ) .  I t
a p p e a r s  t h e r e f o r e  t h a t  t h e  i o d i d e  a n a lo g u e  i s  a  s p e c i a l  c a s e  w i th  i t s  
lo n g  i r o n - i r o n  bond .
I n  a d d i t i o n  to  [Fe^^S^(NO)^] “ t h e  se le n iu m  a n a lo g u e  [Fe^Se^(N O )^] “ 
h a s  been  s y n th e s i s e d ^ ^  a l th o u g h  as  y e t  i t  h a s  n o t  been
c h a r a c t e r i s e d  . by x - r a y  c r y s t a l l o g r a p h y .  The s y n t h e s i s  o f  t h e  
s e le n iu m  a n a lo g u e  i s  s i m i l a r  t o  t h a t  o f  t h e  w e l l - c h a r a c t e r i s e d
s u lp h u r  com plex. R e a c t io n  o f  PPh^ w i th  Fe^Se^(NO)^ y i e l d s  n e u t r a l  
FeySegfN O j^tPPhg)^^^ ( f i g .  1 .4 )  which l i k e  [Fe^Se^CNO)^]"" c o n t a i n s  a  
FG4X3 c o r e .  IFe
fib S e
F ig .  1 .4 ;  S t r u c t u r e  o f  Fej^Se^(NO)^(PPh^ ,
#  P P h a
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I n  t h i s  com plex, t h e  n i t r o s y l s  o f  t h e  b a s a l  i r o n  atoms c l o s e s t  t o  t h e  
a p i c a l  i r o n  atom a r e  r e p l a c e d  w i th  t r i p h e n y lp h o s p h in e .  I n  an a t t e m p t  
t o  i s o l a t e  a  r e d u c e d  s a l t  o f  Fe^Se^(N O )^(PP h ,)^  by th e  a c t i o n  o f  
v a r i o u s  r e d u c in g  a g e n t s ,  t h e  d i a n i o n ,  [Fe^S e^(N O )^]” ^ was i s o l a t e d ^ ^  
and s t r u c t u r a l l y  c h a r a c t e r i s e d  by X -ray  c r y s t a l l o g r a p h y .  The 
[Fe^Seg(N O )y]"^  complex i s  s t r u c t u r a l l y  s i m i l a r  t o  t h a t  o f  
[Fe^S^CNO)^]” , As would be e x p e c te d ,  t h e  m ajo r  s t r u c t u r a l  v a r i a t i o n  j
be tw een  t h e  s u lp h u r  and s e le n iu m  a n a lo g u e s  i s  an  i n c r e a s e  i n  bond 
l e n g t h s ;  t h i s  i s  p r i m a r i l y  due to  t h e  i n c r e a s e  i n  t h e  s i z e  o f  th e
— 8 —
27c h a lc o g e n  atom s , I n  a d d i t i o n  t o  t h i s  c l u s t e r  e x p a n s io n  t h e  s e le n iu m  
c l u s t e r  i s  d i s t o r t e d  from  t h e  C_ symmetry o f  CFe„S„(NO),_]*" due t o  t h ej v  4 j  f
p r e s e n c e  o f  an e x t r a  e l e c t r o n .  I n  t h e  ’ q u a n t i t a t i v e *  m o le c u la r
o r b i t a l  e x a m in a t io n ^ ^  o f  [F e^S ^fN O )^]" ;  a d d i t i o n  o f  e l e c t r o n s  was
found  to  weaken th e  c l u s t e r  bond ing  r e s u l t i n g  i n  a  d e c r e a s e  i n  t h e
F e-Fe  o v e r l a p  p o p u l a t i o n  o f  27%. I t  i s  c a l c u l a t e d  t h a t  a d d i t i o n  o f
e l e c t r o n s  t o  b o th  [Fe^^S^CNO)^]” and Fe^S^(NO)^ r e s u l t s  i n  t h e
occupancy  o f  d e g e n e r a t e  LUMO’s  o f  E and symmetry r e s p e c t i v e l y
r e s u l t i n g  i n  J a h n - T e l l e r  s e n s i t i v e  i o n s .  The Fe,,Se^(NO),,(PPh„)„4 i  4 j  d
complex i s  s t r u c t u r a l l y  s i m i l a r  w i th  t h a t  o f  b o th  [Fe^^S^CNO)^]*” and
[Fe^SegCNO)^]"^. The bond l e n g t h s  i n  [Fe^SegCNOOyfPPhg)^] a r e
s i m i l a r  t o  t h o s e  o b s e rv e d  f o r  [Fe^Se^CNO)^]” ^ and t h e  complex i s ,
d i s t o r t e d  from  th e  C symmetry o f  t h e  monoanion [ F e .S  (NO) ] ” .jV  4 j  [
I n  a d d i t i o n  t o  t h e  s t r u c t u r a l  s i m i l a r i t i e s  d e m o n s t ra te d  by 
c h a lc o g e n  d e r i v a t i v e s  o f  i r o n - n i t r o s y l  c om p lexes ,  [Fe^S ^(N O )^]“ 
p o s s e s s e s  s i m i l a r i t i e s  w i th  b o th  Fej^S^(NO)^ and F e 2 (S E t )2 (N 0 )^ .  The 
a p i c a l  i r o n  o f  [Fe^S^(N O)^]~  r e s e m b le s  t h a t  o f  i r o n  i n  Fey8^(N 0)^  
b o th  i n  bond l e n g t h s  and i n  bond a n g le s  ( t a b l e  1 . 1 ) ,
T ab le  1 .1 :  I n t e r a t o m i c  bond d i s t a n c e s  and a n g le s  f o r  t h e  a p i c a l  i r o n
i BjJ.e.j^ S^ .(NO.).^ J7..9nd for. Fe^ .(NQj.^ .
O N - F G A S g f F e g i g  F e ^ 8 ^ ( N 0 ) y
Bond Fe^S 2 .21  2 .2 2
L e n g th s /8  Fe^N 1 .6 4  1 .66
N-0 1 .1 7  1 .16
Bond ON-Fe^-S 112 114
A ngles/®  S -F e^ -S  108 104
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w h i l s t  t h e  t h r e e  b a s a l  i r o n  atoms have bond l e n g t h s  and bond a n g le s  
s i m i l a r  to  t h o s e  i n  Fe2 (SR)2,(K0 )^  ( t a b l e  1 . 2 ) .
T ab le  1 .2 ;  I n te r a t o m i c ,  .. bond d i s t a n c e s .  f o r   b a s a l  Ir-oii In.
f
(ON) 2"* F e 2 (8 E t)2 (N 0 )y
Bond FegS 2 .2 6 2 . 2 7
L e n g th s /8 FegN 1 .6 4 1 .67
N-0 1 .1 8 1.17
Bond ON—FOg—NO 114 117
Angles/® 104 106
E x a m in a tio n o f  t h e  t h r e e f a c e s shows them t o  d e m o n s t ra te
c l o s e  a n a lo g y  t o  th e i r o n s u lp h u r p la n e i n  Fe (8 E t)  (N O )..  The
[Fe^^S^(NO)^ ] ” complex has b een  d e s c r i b e d 0 as  t h e  f u s i o n  o f  t h r e e
m o le c u le s  o f  [ ^ 6 2 8 2 ( ^ 0 ) ^ ] " ^  m inus an NO from one o f  t h e  two i r o n  
a to m s .
1 .2  I r o n - 8 u l Phu r  p r o t e i n s . . b is ly^T m e th a n e t h i o l a t o J - b i s i i l l n i t r o a Y l l i^o n l  
and C h in a .
The r e q u i r e m e n t  o f  a l l  l i f e  form s f o r  s m a l l  q u a n t i t i e s  o f  c e r t a i n
38m e ta l  io n s  term ed  ’ t r a c e  e l e m e n t s ’ has  been  known f o r  many y e a r s  
The number o f  e le m e n ts  i n  t h i s  l i s t  o f  e s s e n t i a l s  t o  l i f e ,  a s  w e l l  a s  
t h e  l i s t  o f  t h e i r  b i o l o g i c a l  f u n c t i o n s  h as  s t e a d i l y  i n c r e a s e d .  The 
r e c e n t  d ev e lo p m en t o f  p o w e r fu l  p h y s i c a l  and c h e m ic a l  s t r u c t u r e  p ro b e s
“ 1 0 “
h a s  f a c i l i t a t e d  t h e  d e t e r m i n a t i o n  o f  t h e  s t r u c t u r e  o f  th e  b i o l o g i c a l  
s i t e s  o f  some o f  t h e s e  e le m e n t s .  X -ray  a n a l y s i s  h as  been  a p p l i e d  t o  
d e te r m in e  b o th  t h e  c o o r d i n a t i o n  o f  m e ta l  i o n s  i n  b i o l o g i c a l  s i t e s  i n  
i s o l a t e d  b i o in o r g a n io  com plexes and th e  s o p h i s t i c a t e d  ways i n  which 
n a t u r e  can  c o n t r o l  r e l a t i v e l y  f l e x i b l e  s t e r e o c h e m i s t r y ,
The m ajo r  t e c h n iq u e s  a p p l i e d  t o  exam ine t h e  p r o p e r t i e s  o f
i s o l a t e d  b i o in o r g a n i c  compounds a r e  EXAFS, M Sssbauer, n . m . r , ,  e . p . r .
and u . v . / v i s i b l e  s p e c t r o s c o p i e s  combined i n  c e r t a i n  c a s e s  w i th
3 8iso m o rp h ic  m e ta l  exchange  .
Amongst t h e  g ro u p  o f  m e ta l s  i n  b i o in o r g a n io  compounds w hich have
OQb e e n  e x t e n s i v e l y  s t u d i e d  a r e  z i n c  i n  c a r b o n ic  a n h y d ra s e  , c o b a l t  in
v i t a m in  and i r o n  i n  b o th  haem oglobin^^ and i r o n - s u l p h u r
hpp r o t e i n s  . T h is  s h o r t  l i s t  d e m o n s t r a te s  some o f  t h e  e s s e n t i a l  
b i o l o g i c a l  com plexes  i n  w hich t h e s e  m e ta l s  a r e  found and how d e p e n d e n t  
a l l  l i f e  form s a r e  on t h e s e  few e le m e n ts  and t h e i r  c om p lexes .  T h e i r  
b io c h e m ic a l  im p o r ta n c e  demands t h e i r  th o rough  i n v e s t i g a t i o n  so  t h a t  
t h e  mechanism o f  t h e i r  a c t i v i t y  may be d e te r m in e d .  The s tu d y  o f  t h e s e  
compounds i s  somewhat hampered by t h e i r  o f t e n  low c o n c e n t r a t i o n s  i n  
l i v i n g  m a t t e r ,  r e q u i r i n g  p a i n s t a k i n g  e x t r a c t i o n s  t o  o b t a i n  t i n y  
q u a n t i t i e s  o f  m a t e r i a l .  Even when th e  b i o i n o r g a n i c  com plexes  have  
been  i s o l a t e d  t h e i r  s tu d y  can  s t i l l  be  h in d e r e d  by t h e  l a r g e  o r g a n ic  
complex s u r r o u n d in g  i n  some c a s e s  a  s i n g l e  m e ta l  a tom . The 
a p p l i c a t i o n  o f  EXAFS i s  p a r t i c u l a r l y  u s e f u l  f o r  t h e  o b s e r v a t i o n  o f  t h e  
m e ta l  c e n t r e  i n  such  com plexes  . N i t ro g e n a s e  i s  one o f  t h e  enzymes 
in v o lv e d  i n  t h e  f i x a t i o n  o f  n i t r o g e n .  I n  t h e  enzyme t h e r e  a r e  s i x  
i r o n  and two molybdenum atoms i n  a  complex w i th  an o v e r a l l  m o le c u la r
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ill}w e ig h t  o f  a b o u t  2 2 0 ,0 0 0  • These m e ta l  i o n s ,  a l t h o u g h  j u s t  p r e s e n t  a s
a  t r a c e  i n  t h e s e  com plexes ,  a r e  i n d i s p e n s i b l e ,  t h e i r  e x t r a c t i o n  
r e s u l t i n g  i n  enzyme d e a c t i v a t i o n .
The b i o l o g i c a l  i n t e r e s t  i n  b i o i n o r g a n i c  com plexes  has  l e d  t o  much
lief r u i t f u l  s y n t h e t i c  and m e c h a n i s t i c  work i n  i n o r g a n i c  c h e m is t r y  
P ro m in en t  i n  t h e  f i e l d  o f  b i o i n o r g a n i o  c h e m is t r y  i s  t h e  s tu d y  o f  Fe -S  
p r o t e i n s  and , w i th  t h e  p o s s i b l e  e x c e p t io n  o f  heme p r o t e i n s ,  no o t h e r  
c l a s s  o f  r a e t a l l o p r o t e i n s  h a s  been  a s  th o ro u g h ly  i n v e s t i g a t e d  i n  t h e  
l a s t  d e c a d e .
I r o n - s u l p h u r  p r o t e i n s  w ere  d i s c o v e r e d  i n  t h e  m id - 1 9 5 0 's  and a r e  
now known to  be t h e  m ost w id e ly  d i s p e r s e d  r a e t a l l o p r o t e i n s  i n  
n a t u r e  , The r ô l e s  w hich t h e s e  com plexes p la y  a r e  d i v e r s e .  They a r e  
m a in ly  in v o lv e d  i n  c e l l u l a r  o x i d a t i o n  p r o c e s s e s ,  i n c l u d i n g  
p h o t o s y n t h e s i s  and n i t r o g e n  f i x a t i o n .  These r a e t a l l o p r o t e i n s  c o n t a i n  
e i t h e r  one^^ , two^^*^^ ( 2 F e -2 S ) ,  t h r e e ^ ^  (3Fe~3S) o r  f o u r ^ ^  (4 F e -4 8 )  
i r o n  atoms bound t o  p r o t e i n  c h a in s  by t h e  t h i o l  g ro u p  o f  c y s t e i n e  
( f i g ,  1 . 5 ) .
Cys— 
Cys — —CyS
Cys— Cys
'C y s
Cys Cys
Cys— 
Cys
—"Cys 
Cys
Cys- Cys
Cys
F i g .  1 .5 ;  S t r u c t u r e s  o f  1 -F e ,  2Fe-2S , 3 F e -3 S ,  and 4Fe-48  i r o n - s u l p h u r
3 O
c l u s t e r s '^  . .. w ,
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I n  t h e  m u l t i - i r o n  atom c l u s t e r s  ' a c i d  l a b i l e *  s u lp h u r  atoms b r id g e  t h e
c o n s t i t u e n t  i r o n  a to m s .  The i r o n  atoms c o n ta in e d  i n  t h e s e  com plexes
o 8a r e  e s s e n t i a l l y  t e t r a h e d r a l l y  c o o r d in a te d  t o  f o u r  s u lp h u r  atoms'^ , 
E x a m in a tio n  o f  t h e  c h e m is t r y  o f  t h e s e  com plexes  h as  been  g r e a t l y  
a s s i s t e d  by th e  d i s c o v e r y  by Holm and cow orkers  o f  methods f o r  t h e
s y n t h e t i c  p r e p a r a t i o n  o f  a l k y l  and a r y l t h i o l a t e  a n a lo g u e s  o f  t h e
51 52 53mono , d i  and t e t r a  i r o n  compounds. The model compounds g iv e
good s t r u c t u r a l  and e l e c t r o n i c  r e p r e s e n t a t i o n s  o f  t h e  i s o e l e c t r o n i c  
38p r o t e i n  s i t e s  ,
The 2Fe-2S com plexes  a c t  a s  one  e l e c t r o n  t r a n s f e r  a g e n t s ,  
5 ^ ,5 5MGssbauer e x a m in a t io n ’ o f  t h e  o x i d i s e d  form  o f  t h e  complex r e v e a l s
a s i n g l e  o x i d a t i o n  s t a t e  f o r  t h e  c o n s t i t u e n t  i r o n  a to m s .  T h is  complex
+3c o n t a i n s  s o l e l y  h ig h  s p i n  Fe and i s  d ia m a g n e t ic  a t  low t e m p e r a t u r e s ,  
t h i s  i s  due t o  t h e  u n p a i r e d  e l e c t r o n s  o f  each o f  t h e  i r o n  atoms 
p o s s e s s i n g  o p p o s i t e  s p in  t o  t h e  o t h e r  g i v in g  t h e  a p p e a ra n c e  o f  s p in  
p a i r i n g ,  t h e  i r o n  atoms b e in g  i n d i r e c t l y  co u p le d  th ro u g h  th e  b r id g i n g  
s u lp h u r  l i g a n d s .  On a one e l e c t r o n  r e d u c t i o n  t h e  complex becomes 
p a ra m a g n e t ic ,  MGssbauer e x a m in a t io n  o f  t h e  complex y i e l d s  two 
e q u i v a l e n t  p e a k s ,  t h i s  i s  due t o  t h e  l o c a l i s a t i o n  o f  t h e  e x t r a
e l e c t r o n  on one o f  t h e  i r o n  a to m s ,  r e s u l t i n g  i n  a  complex c o n t a i n i n g
Fe*^ and Fe**" ,^ T h is  i s  u n l i k e  t h e  one e l e c t r o n / r e d u c t i o n  p r o c e s s  i n  
t h e  f e r r e d o x i n  4Fe-4S complex^^ w here t h e  c h a rg e  i s  d e l o c a l i s e d  o v e r  
t h e  c l u s t e r ,  a s  i s  e x p e c te d  f o r  c l u s t e r  compounds, MGssbauer 
e x a m in a t io n  o f  b o th  t h e  r e d u c e d  and o x i d i s e d  fo rm s o f  t h e  c l u s t e r
r e v e a l s  a  s i n g l e  peak  i n  each  c a s e .  The o x i d i s e d  form  o f  f e r r e d o x i n
c o n t a i n s  4 ( F e * ^ '^ )  and t h e  r e d u c e d  fo rm  4 ( F e * ^ " ^ ^ ) .  T h is  d e m o n s t r a te s
R - ~ S ^
R - s r '  ,
I W&m
R^ —S r  — p
R — S ' R
—r%1wr yS ----- R
e
R
Fig, 1,6; Ligand exchange reactions for iron-sulphur 
complexes^®*
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t h e  c a u t i o n  w hich m ust be t a k e n  i n  t h e  a s s ig n m e n t  o f  o x i d a t i o n  s t a t e s  
and why i n  1.1 above th e  a p i c a l  i r o n  atom i n  R o u s s in s  b l a c k  s a l t  i s  
a s c r i b e d  a ’ fo rm al*  o x i d a t i o n  s t a t e  o f  +1,
The f o r m a t io n  o f  t h e s e  s y n t h e t i c  m odels  o f  i r o n - s u l p h u r  p r o t e i n s
*57h a s  b een  d e s c r i b e d  t h a t  o f  ’ s p o n ta n e o u s  s e l f - a s s e m b l y ’ ' w here t h e
f i n a l  p r o d u c t s . o f  t h e  r e a c t i o n s  co u ld  .no t  have been  p r e d i c t e d  from  th e
r e a c t a n t s .  Holm and cow orkers  have  d e m o n s t ra te d  t h a t  t h e s e  c l u s t e r s
5Qa r e  l a b i l e  t o  r e a c t i o n ,  b o th  t e r m i n a l - l i g a n d  and c o re -a to m  
exchange  can o c c u r  and t h e  c l u s t e r s  a r e  l a b i l e  t o  i n t e r c o n v e r s i o n  
( f i g .  1 .6 )  . L igand  exchange  i s  n o t  c o n f in e d  s o l e l y  t o  c h a lc o g e n s ;
i t  h a s  been  found t h a t  l i g a n d s  su ch  a s  h a l i d e s  can  be s u b s t i t u t e d  i n  
t h e i r  p l a c e ^ ^ .
The i s o s t r u c t u r a l  a n a lo g u e ,  FegCSMeïgCNO)^ o f  t h e  2Fe-2S 
com plexes  h a s  r e c e n t l y  been  i m p l i c a t e d  i n  c a r c i n o g e n e s i s .  As p a r t  o f  
a  l a r g e  s c a l e  s u rv e y  o f  v a r i o u s  m a la d ie s  o f  t h e  p o p u l a t i o n  o f  C hina  a 
s tu d y  o f  t h e  i n c i d e n c e  o f  d i f f e r e n t  form s o f  c a n c e r  was 
i n v e s t i g a t e d ^ ^ .  Of p a r t i c u l a r  n o t e  was a r e m a rk a b ly  h ig h  i n c i d e n c e  o f  
c a n c e r  o f  t h e  o e sophagus  i n  t h e  L in x ia n  r e g i o n  w i t h  one i n  f o u r  o f  t h e  
a d u l t  p o p u l a t i o n  a f f e c t e d .  I n  an  a t t e m p t  t o  r e d u c e  t h i s  h ig h  
i n c i d e n c e  a  s tu d y  o f  b o th  e n v i ro n m e n ta l  and d i e t a r y  f a c t o r s  was 
i n s t i g a t e d .  T hree  f a c t o r s  w ere  d i s c o v e r e d  which c o u ld  be 
r e s p o n s i b l e .  The d o m e s t ic  w a te r  s u p p ly  had b o th  h ig h  c o n c e n t r a t i o n s  
o f  n i t r a t e  and n i t r i t e ,  t h e  s o i l  had low c o n c e n t r a t i o n s  o f  molybdenum 
and t h e  p e a s a n t s  consumed ’ p i c k l e d ’ c a b b ag e .  T h is  ’p i c k l e d ’ cabbage  
i s  p r e p a r e d  by s o a k in g  cab bage  u n d e r  w a te r  i n  l a r g e  e a r t h e n  p o t s  f o r  
s e v e r a l  weeks i n  w hich  t im e  i t  p a r t i a l l y  r o t s  and becomes c o v e re d  i n  a
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mould. From e x t r a c t s  o f  t h i s  cabbage  i t  was p o s s i b l e  to  i d e n t i f y ,  by 
c o m p a ra t iv e  GC/MS, t h e  y U ^ - a l k y l t h i o l a t e  Fe2(SM e)g(N 0)^^^ , W h i l s t  
e x a m in a t io n  o f  e x t r a c t s  o f  e i t h e r  f r e s h  cabbage  o r  cabbage  so ak ed  i n  
d i s t i l l e d  w a te r  f a i l e d  t o  y i e l d  t h i s  compound. These o b s e r v a t i o n s
i m p l i c a t e  t h e  l o c a l  w a te r  s u p p ly  i n  t h e  g e n e r a t i o n  o f  t h e s e  s p e c i e s .
E x t r a c t s  o f  t h e  p i c k l e d  cabbage  w ere  shown t o  c o n t a i n  a t  l e a s t  one 
m u ta g e n ic  c o m p o u n d ^ a n d  s t u d i e s  on FegfSMejgfNO)^ i t s e l f  
i n d i c a t e d  t h a t  i t  may a c t  a s  a  tumour p r o m o t e r ^ I t  h a s  been
s u g g e s te d  t h a t  t h e  s o u rc e  o f  t h e  i r o n  i n  t h e  Fe^CSMejgfNOÏ^ i s  t h e
i r o n - s u l p h u r  p r o t e i n s  i n  t h e  cabbage^
McDonald and cow orke rs^ ^  g e n e r a t e d  a s e r i e s  o f  p a ra m a g n e t ic  
r a o n o - n i t r o s y l  com plexes  w i t h  g e n e r a l  s t o i c h i o m e t r y  [FefNOOgL^]^ i n  
s o l u t i o n  from  th e  r e a c t i o n  o f  i r o n ( I I )  s a l t s  w i th  n i t r i c  o x id e  i n  t h e  
p r e s e n c e  o f  v a r i o u s  a n i o n i c  l i g a n d s ( L ) .  I t  h a s  been  s u g g e s te d ^ ^ " ^ ^  
t h a t  t h e s e  s p e c i e s  e x i s t  i n  e q u i l i b r i u m  w i th  R ou ss in  e s t e r - l i k e  
d ia m a g n e t i c  d im e rs :  !
ON ±  ON ,/L^ / N O
O N ^  O N ^
The m a j o r i t y  o f  t h e  p a ra m a g n e t ic  s p e c i e s  th u s  g e n e r a t e d  have  g - v a l u e s  
o f  2 . 03^^ . S e v e r a l  g r o u p s  o f  B io c h e m is t s ^ ^ " ^ ^  have  o b se rv e d
s i m i l a r  g - c e n t r e s  i n  c e l l  c u l t u r e s  t r e a t e d  w i th  n i t r o s y l a t i n g  a g e n t s  
and have  a s s ig n e d  t h e  p a ra m a g n e t ic  s p e c i e s  t o  [FeCNO)^]**^ c o o r d i n a t e d  
to  t h i o l  c o n ta i n in g  p r o t e i n s .
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I t  i s  n o t  i n c o n c e iv a b l e  t h a t  t h e  a c t i o n  o f  v a r i o u s  n i t r o s y l a t i n g  
a g e n t s  on n a t u r a l l y  o c c u r r in g  i r o n - s u l p h u r  c l u s t e r s  y i e l d s  
n i t r o s y l a t e d  i r o n  s p e c i e s  which e x i s t  i n  a  m ononuc lea r  d i n u c l e a r  
( p a r a m a g n e t i c d i a m a g n e t i c )  e q u i l i b r i u m .
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2.1  I n t r o d u c t i o n .
R e a c t io n s  o f  v a r i o u s  i r o n  c a r b o n y l s  w i th  s u l p h i d e s ,  t h i o l s  and 
d i s u l p h i d e s  - t o  y i e l d  i r o n - s u l p h u r  c a r b o n y l s  have  b een  t h e  c e n t r e  o f  
much r e s e a r c h  ” , which h as  c o n c e n t r a t e d  p r i m a r i l y  on s t r u c t u r a l  
e l u c i d a t i o n  i n  t h e  s o l i d  s ta te * ^ " ^ ^ .  The p r o d u c t s  o f  t h e s e  r e a c t i o n s  
c o n s i s t  i n  g e n e r a l  o f  t e r m i n a l  c a r b o n y l  l i g a n d s  bonded t o  an 
i r o n - s u l p h u r  c o r e ,  b u t  a  marked d i v e r s i t y  i s  found  i n  t h e  c h e m ica l  
b e h a v io u r  o f  t h e s e  compounds. L arge  s t r u c t u r a l  r e o r g a n i s a t i o n s  can  
o c c u r ,  t h e  p r o d u c t s  o f  w hich a r e  u n p r e d i c t a b l e  and can b e a r  no 
r e s e m b la n c e  to  t h e  s t r u c t u r e  o f  t h e  p r e c u r s o r , and x - r a y  
c r y s t a l l o g r a p h y  m ust be u se d  f o r  d e f i n i t i v e  c h a r a c t e r i s a t i o n .  
C hem ical r e a c t i o n s ,  such  a s  l i g a n d  exchange  have  a l s o  b e e n  r e p o r t e d  
where t h e  o v e r a l l  s t r u c t u r e  r e m a in s  b a s i c a l l y  unchanged .
oThe S - a l k y l a t e d  complex FegCSR^gCCO)^ i s  c l o s e l y  a n a lo g o u s  t o
12t h e  f o r m a l l y  i s o e l e c t r o n i c  Fe2 (SR)g(N0 )^  , t h e  s t r u c t u r e s  h a v in g  been  
d e te rm in e d  f o r  t h e  e t h y l  e s t e r  o f  b o th  ( f i g .  2 . 1 ) .  Com parison  o f  t h e  
s t r u c t u r e s  shows a  marked d i f f e r e n c e  i n  t h e  Fe^S^ r i n g ;  t h i s  i s  p l a n a r  
w i th  t e t r a h e d r a l  g e o m e try  a b o u t  t h e  i r o n  atoms i n  t h e  c a s e  o f  t h e  
n i t r o s y l ,  w h i l s t  i n  t h e  c a r b o n y l  com plexes t h e  FOgSg r i n g  i s  
p u c k e re d .  The e x i s t e n c e  o f  a  b e n t  i r o n - i r o n  bond h a s  b e e n  d i s c u s s e d
0R OC CO
2 . 2 . 1 .  a n t i
( F i s c h e r  p r o j e c t i o n  a lo n g  Fe-Fe to n d )
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F ig ,  2 .3 ;  The two conformations of  FegCSRÏgCHO)^^^'^^.
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i n  th e  l i t e r a t u r e  a s  b e in g  due t o  t h e  c a rb o n y l  l i g a n d s  m a i n ta i n in g
o c t a h e d r a l  c o o r d i n a t i o n .  Both compounds i l l u s t r a t e  s t r u c t u r a l
isom erism ^ ^ *^ ^  The c a rb o n y l  can  e x i s t  i n  one o f  t h r e e  c o n f i g u r a t i o n s
( f i g .  2 . 2 ) .  A l l  t h r e e  have  been  o b se rv e d  f o r  t h e  " a o id " ^ ^
Fe^fSHOgfCO)^, b u t ,  f o r  t h e  a l k y l  e s t e r s ,  o n ly  two have  been  o b s e rv e d  
13and i s o l a t e d  , These a r e  th e  a n t i  c o n f i g u r a t i o n  ( 2 , 2 . 1 )  and
p resum ab ly  th e  syn c o n f i g u r a t i o n  ( 2 . 2 . 2 ) ,  t h e  svn  c o n f i g u r a t i o n  
( 2 . 2 . 3 )  b e in g  l e s s  l i k e l y  on s t e r e o c h e m ic a l  g r o u n d s ,  Tlie n i t r o s y l s  
h av e  been  o b se rv e d  t o  e x i s t  i n  one o f  two c o n f i g u r a t i o n s  i n  s o l u t i o n
( f i g .  2 . 3 ) ^ ^ '^ ^  and t h i s  i s  d i s c u s s e d  i n  f u r t h e r  d e t a i l  i n  c h a p t e r
3 .
F u r t h e r  a n a l o g i e s  be tw een  i r o n  c a rb o n y l s  and n i t r o s y l s  a r e  
p ro v id e d  by t h e  a n io n s  [FegSgXCO)^]"^ and [Fe2 S 2(N0 ) ^ a n d  by th e  
u n ch a rg ed  c u b a n e - ty p e  c l u s t e r s  Fe^S^(C 0 )^ 2 ^^ and Fe^S^^(NO)^^ The 
s t r u c t u r e s  o f  t h e  a n io n s  have b e e n  assumed t o  be s i m i l a r  t o  t h o s e  of 
t h e i r  a l k y l  d e r i v a t i v e s ,  and t h i s  h a s  been  found t o  be t r u e  f o r  th e  
n i t r o s y l .  L ik e w ise  th e  cubane a n a lo g u e s  have been  shown to  p o s s e s s  
c e r t a i n  s t r u c t u r a l  s i m i l a r i t i e s .
The c o n v e r s io n  o f  i r o n  c a rb o n y l s  t o  n i t r o s y l s  h a s  been  known f o r  
20o v e r  f i f t y  y e a r s  ; how ever ,  u n t i l  r e c e n t l y  l i t t l e  i n t e r e s t  h as  been
shown i n  th e  c o n v e r s io n  o f  i r o n - s u l p h u r  c a rb o n y l s  t o  t h e i r  n i t r o s y l
a n a lo g u e s .  The p u rp o se  o f  t h e  s tu d y  r e p o r t e d  i n  t h i s  c h a p t e r  was to
a t t e m p t  t h i s  c o n v e r s io n  and to  e x p l o i t  t h i s  a s  a  method i n  p r e p a r in g  a
s e r i e s  o f  d e r i v a t i v e s  Fe2,(8 R)2 (N0 )^  from th e  a n a lo g o u s  r e a d i l y
a c c e s i b l e  and r e l a t i v e l y  s t a b l e  c a rb o n y l  c o m p lex es .  An exchange
r e a c t i o n  be tw een  Fe (SR) (NO) w i th  R' 8 i s  a l s o  examined a s  a  method2 2 4 2 2
*” 22 —
f o r  s y n t h e s i s i n g  c a rb o n y l  e s t e r s  from  p refo rm ed  i r o n - s u l p h u r  c a r b o n y l s  
and t h e  r e s u l t s  o f  t h i s  s tu d y  a r e  d i s c u s s e d .
2 .2  Fxpmilmen t a l .
2 .2 .1  I n s t r u m e n t s
L i t e r a t u r e  m ethods w ere  _ employed f o r  t h e  p r e p a r a t i o n  o f  
FegtSRigCCOjgIS, PGgSgfCOigZI [F e^S gC C O g]"^  , and
[PPMjfNOg)^^ [ppH=(Ph P ) ^ » * ] .
A l l  s o l v e n t s  u sed  w ere  d r i e d  by c o n v e n t io n a l  m e th o d s .  S o l u t i o n s  
f o r  e . p . r .  e x a m in a t io n  w ere  p r e p a r e d  i n  an a tm o sp h e re  o f  n i t r o g e n ,
1 13H n . m . r .  and C n . m . r .  w ere  pe rfo rm ed  on a B ru k e r  WP-80 and a
V a r ia n  C F Ï-20 . I n f r a - r e d  s p e c t r a  w ere  o b t a in e d  e i t h e r  a s  n u j o l  m u l ls  
o r  s o l u t i o n s  i n  c h lo r o f o rm  on a  P e rk in -E lm e r  1330 s p e c t r o m e t e r .  Mass 
s p e c t r a  were o b t a in e d  on an  AEI MS 902, E . p . r ,  s p e c t r a  w ere  r e c o r d e d  
on a  B ru k e r  ER 200D s p e c t r o m e t e r .
2 , 2 .2
The e x p e r im e n ts  r e c o r d e d  i n  t h i s  s e c t i o n  w ere  pe rfo rm ed  i n  c o n ju n c t io n  
w i th  Seymour.
( a )  R e a c t io n  o f  FegfSMeigCCO), w i th  E t^S ^ , Fe2(SM e)2(C0)^ ( 2 .0 g ;  5 .3
mmol) was r e f l u x e d  w i th  e t h y l  s u l p h i d e  (3 ml; 25 mmol) i n  benzene  (50
— 23 -
ml) u n d e r  n i t r o g e n  f o r  one  h o u r .  T h is  m ix tu re  was re d u c e d  to  s o l i d  
and pumped on th e  vacuum sys tem  f o r  e i g h t  h o u rs  t o  remove any r e s i d u a l  
a l k y l  s u l p h i d e s .  The r e s i d u a l  s o l i d  was d i s s o l v e d  i n  40-60  p e tro le u m  
e t h e r  and c le a n e d  up on a  15 cm x 1 .5  cm a lu m in a  chrom atography  
colum n, e l u t i n g  w i th  p e t r o l .  The e l u e n t  was re d u c e d  to  s o l i d  and
exam ined by mass s p e c t r o s c o p y  t o  r e v e a l  t h e  m ix tu re  t o  be composed
l a r g e l y  o f  Fe2(8M e)2(C0)^ w i th  some Fe^CSEt)(SM e)( 0 0 ) ^ ,  b u t  no 
F e 2 (S E t )2 (C 0 )^ ,  The m ix tu r e  was r e d i s s o l v e d  i n  benzen e  (50 ml) and 
r e f l u x e d  under  n i t r o g e n  w i th  e t h y l  s u lp h i d e  (3 ml; 25 mmol) f o r  a  
f u r t h e r  s i x  h o u r s .  T h is  m ix tu re  was worked up a s  d e s c r i b e d  above and 
exam ined  by mass s p e c t r o m e t r y .  T h is  r e v e a l e d  F e 2 (S E t)2 (C 0 )^  a s  t h e
m ajo r  com ponent, w i th  t r a c e  q u a n t i t i e s  o f  Fe2 (S M e )(S E t) (00 )^  
Fe2(SM e)2(C 0)^ .
The above r e a c t i o n  was r e p e a t e d  w i th  a c o n t in u o u s  r e f l u x  f o r  72
h o u r s ,  sam p les  w ere  t a k e n  a f t e r  5 ,  10, 20 , and 30 m in u te s ,  1 , 2 , 4, 6 ,
12, 24 , 36 ,  48 , 60, and 72 h o u r s  and examined by GCMS and c o m p a ra t iv e
GLC (10% S .E .  30 ; 80^0) w i th  a u t h e n t i c  sam ples  o f  Me^Sg* MeSSEt and
E tgS^  and GC/MS. A f t e r  one hour t h e  p re s e n c e  o f  MeSSEt was d e t e c t e d .
W ith c o n t in u e d  r e f l u x  t h e  r e l a t i v e  c o n c e n t r a t i o n  o f  MeSSEt to  E t  S2 2
was o b se rv e d  t o  i n c r e a s e .  I t  was o n ly  i n  t h e  l a t e r  s t a g e s  o f  t h e
exchange  r e a c t i o n  ( t> 8  h o u r s )  was t h e  p r e s e n c e  o f  Me^S^ d e t e c t e d .
T h is  exchange r e a c t i o n  was r e p e a t e d  w i th  Bz^S^ (BzsCH^Ph) and 
F e 2 (S E t )2 (C 0 )g . A t te m p ts  were made a l s o  t o  exam ine an exchange 
r e a c t i o n  be tw een  F e 2 (8 E t)2 (C 0 )^  and  BzSH and a l s o  Fe2(SM e)2(C0)^ and 
BzSH, i n  b o th  c a s e s  t h e s e  were u n s u c c e s s f u l .
A n a l y s i s .  T y p ic a l  mass s p e c ,  Fe2(SM e)2(C 0)g : M/z 374 ( m o le c u la r  i o n ) ;
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346; 318; 290; 262; 234; 206 ( s e q u e n t i a l  l o s s  o f  6 CO); 191, 176
( s e q u e n t i a l  l o s s  o f  2 Me)* n . m . r .  2 . 1 7 ( 8 ) ,  2 . 2 0 ( s ) ,  1 . 6 4 ( s )
p .p .m .  ( s e e  a p p e n d ix  2 f o r  f u r t h e r  e x a m p le s ) .  T . l . c , ,  two o ra n g e
s p o t s  (one  f o r  each  co n fo rm er  i n  p e t r o l  on s i l i c a  g e l  (Rf%0 . 9  and
0 . 7 ) .  I . r .  s t r o n g  a b s o r p t i o n s  c a . 2000  cmT^.
(b )  R e a c t io n  o f  Fe (CO)^g w i th  (MeOCOCH^S)^. (MeOCOCH^Sg)^ was
r e f l u x e d  w i th  Feg(C 0 )^ 2  t o  y i e l d  F e2 (SCH2 C02Me)2 (C0 )^ a s  l i t e r a t u r e
f o r  t h e  p r e p a r a t i o n  o f  F e 2 (SR )2 (C0 ) g ^ ^ .  E x a m in a t io n  o f  t h e  r e s u l t a n t
m ix tu r e  by b o th  t . l . c ,  and mass s p e c t r o s c o p y  r e v e a l e d  th e  p r e s e n c e  
o f  b o th  ^ 6 2 8 2 ( 0 0 )^ and Fe^S2 (C0 ) g .  I s o l a t i o n  o f  t h e s e  two components 
and r e f l u x  w i th  e i t h e r  (Me0 C0 CH2 S )2  f a i l e d ,  even  a f t e r
p ro lo n g e d  r e f l u x  t o  y i e l d  Fe2 (SR)2 (C0 ) g . E x a m in a t io n  o f  t h e  r e a c t i o n  
o f  Feg(C 0)^ 2  w i th  ^©2^2 ^ ^ t h  t im e  by b o th  t . l . c .  and mass
s p e c t r o s c o p y  f a i l e d  t o  r e v e a l  t h e  p re s e n c e  o f  any Fg^S2 (C0 )^  o r  
Fe^SgCCOjg.
A n a l y s i s .  ^ 6 2 8 2 ( 0 0 ) ^ .  Mass s p e c . ,  M/z 344 ( m o le c u la r  i o n ) ;  316; 288; 
260; 2 3 2 ; 204; 176 ( s e q u e n t i a l  l o s s  o f  6 CO). T . l . c . ,  Yellow s p o t ,
Rf=0.7  i n  p e t r o l  on s i l i c a  g e l .  I . r . ,  s t r o n g  a b s o r p t i o n s  c a .  2000
—1cm ,
FegS2 (C0 ) g .  Mass s p e c . ,  M/z 484 ( m o le c u la r  i o n ) ;  456; 428; 400; 372; 
344; 3 1 6 ; 2 8 8 ; 260; 232 ( s e q u e n t i a l  l o s s  o f  6 CO). T . l . c . ,  p u r p l e  
s p o t ,  RfzO.6 i n  p e t r o l  on s i l i c a  g e l .  I . r . ,  s t r o n g  a b s o r p t i o n s  
2000 cm**\
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2 . 2 . 3
A s e r i e s  o f  d i f f e r e n t  c a r b o n y l - n i t r o s y l  exchange  r e a c t i o n s  w ere  
exam ined a s  o u t l i n e d  be low . The r e s u l t s  o f  t h e s e  e x a m in a t io n s  a r e  
l i s t e d  i n  t a b l e  2 , 1 .
( a )  R e a c t io n  w i th  a l k a l i n e / a c i d i c  n i t r i t e .  I n  a  t y p i c a l  r e a c t i o n ,  t h e  
c a r b o n y l  complex (24  mmol) and sodium n i t r i t e  ( 6 .0 g )  w ere  added t o  a  
s o l u t i o n  o f  sodium h y d ro x id e  ( lO .O g) i n  a m ix tu re  o f  w a te r  (50  ml) and 
e t h a n o l  (25  m l ) ,  t h e  m ix tu r e  was r e f l u x e d  u n d e r  n i t r o g e n  f o r  two 
h o u r s  r e s u l t i n g  i n  a  g r e e n  s o l u t i o n .  T h is  m ix tu re  was a l lo w e d  t o  c o o l  
t o  c a . 30^0  and t h e n  a c i d i f i e d  w i th  a  1:1 ( v / v )  g l a c i a l  a c e t i c
a c i d / w a t e r  m ix t u r e .  The r e s u l t i n g  m ix tu r e  was e v a p o r a te d  t o  d r y n e s s  
and t h e  r e s u l t a n t  s o l i d  e x t r a c t e d  f i r s t l y  w i th  CH^Cl^ (6 x 50 m l ) ,  and 
s e c o n d ly  w i th  w a te r  (2  x 100 m l ) ,  t h e  m eth y le n e  c h l o r i d e  e x t r a c t  was 
washed w i th  w a te r  (2  x 50 m l ) ,  d r i e d  o v e r  Na^SO^, and e v a p o r a te d  t o  
d r y n e s s ;  r e c r y s t a l l i s a t i o n  from  1:1 CH^Cl^/MeOH y i e l d e d  
Fe^(SR )^(N O )^. The aqueous  e x t r a c t  was e x t r a c t e d  w i th  e t h e r  (4  x 50 
m l) ,  and th e  e t h e r  l a y e r  was d r i e d  o v e r  Na^SO^, and e v a p o r a te d  t o  
d r y n e s s  t o  y i e l d  [Fe^S^(NO)^]Na; t o  t h e  r e s i d u a l  aqueous  s o l u t i o n  was 
added aqueous  Ph^A s^Cl"; th e  r e s u l t i n g  p r e c i p i t a t e  was f i l t e r e d ,  and
d i s s o l v e d  i n  CH^Cl^ washed w i th  w a te r  (2 x 50 m l ) ,  and d r i e d  o v e r  
Na^SO^. T h is  m ix tu re  was re d u c e d  t o  s o l i d  and r e c r s y t a l l i s e d  from 
C H g C lg /p e t ro l  m ix tu r e  t o  y i e l d  (A sPh^)2 [Fe2S2(N 0)^]
A n a ly s is ;F e 2 (S R )2 (N 0 )^ :  I . r .  (N -0)/c ra“  ^ 1815w, 1 7 8 0s ,  1750s. Mass
sp e c t ru m  M/z 326 ( m o le c u la r  i o n ) ;  296, 266, 236 , 206 ( s e q u e n t i a l  l o s s  
o f  4 NO); 191, 176 ( s e q u e n t i a l  l o s s  o f  2 Me), T . l . c .  s i n g l e  s p o t  i n
-  2 6  -
c h lo r o f o rm  on s i l i c a  g e l  ( R f = 0 .7 ) .  A n a l ,  FegCSMejgCNO)^: Found, C,
7.56%; H, 1.84%; N, 15.48%. C a lc ,  f o r  CgH^N^O^S^Feg: C, 7.37%; H, 
1.86%; N, 17.19%.
[FG ^8g(N 0)y]":  I . r .  \ ) (N -0 ) /cm "^  1790m, 1720s, and 1690m. T . l . c .
s i n g l e  s p o t  i n  m e th a n o l  on s i l i c a  g e l  ( R f = 1 .0 ) .  U .v .  X , /n m  (raol"^ 
cm“ b  560 ( 2 4 0 0 ) ,  350 ( 1 5 4 0 0 ) ,  260 ( 2 6 7 0 0 ) .  A n a l .
[Fe^S ^(N O )^](Ph^A s);  Found, C, 31.54%; H, 2.19%; N, 10.59%. C a lc ,  
f o r  OyAsFe^Sg: C, 31.57%; H, 2.21%; N, 10.74%.
I . r .  V (N -0 ) /cm ’"‘‘ I8 l0 w , 1778s, and 1754m. T . l . c .  
i n i t i a l  r e d  s p o t ,  t u r n s  t o  brown s p o t  on s i l i c a  g e l  (due  t o  c o n v e r s io n  
t o  [ F e ^ S ^ ( N O ) ^ D .  A n a l .  [F e 2 8 2 (N0 )y ] (A sP h ^ )2 : Found, C, 54.41%;
4 8 \ o ^ 4 V ® 2 ^ V 2 'H, 3 .84% , N 5.20%. C a lc .  f o r  C„.H N, 0 , As Fe S : C, 54.21%;
H, 3.80%, N 5.27%.
(b )  R e a c t io n  w i th  n i t r i c  o x id e .  T y p i c a l ly ,  t h e  c a r b o n y l  complex (10  
mmol) was d i s s o l v e d  i n  CHCl^ (50  m l ) ,  and t h e  s o l u t i o n  purged  w i th  
n i t r o g e n .  N i t r i c  o x id e  was b u bb led  th ro u g h  th e  s o l u t i o n  f o r  1 h o u r ,  
and  th e  s o l u t i o n  was re d u c e d  t o  d r y n e s s .  The w ork -up  th e n  f o l lo w s  
t h a t  d e s c r i b e d  above i n  ( a ) .  E x a m in a t io n  o f  t h i s  r e a c t i o n  a t  
d i f f e r e n t  t e m p e r a tu r e s  r e v e a l e d  t h a t  o p t im is e d  y i e l d s  w ere  o b t a in e d  by 
r e f l u x i n g  th e  m ix tu r e  w h i l s t  b u b b l in g  n i t r i c  o x id e .
( c )  R e a c t io n  w i th  n i t r i c  o x id e  i n  t h e  p re s e n c e  o f  a l k a l i / a c i d .  The 
p r o c e d u r e  employed was e s s e n t i a l l y  t h a t  d e s c r ib e d  i n  ( a )  above , e x c e p t  
t h a t  th e  n i t r o g e n  s t r e a m  was r e p l a c e d  by n i t r i c  o x id e  and t h e  sodium 
n i t r i t e  was o m i t te d  from  t h e  r e a c t i o n  medium.
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(d )  R e a c t io n  o f  PPNENO^l and NaNO^ w i th  Fe (SRjgCCO)^.
( i )  R e a c t io n  w i th  NaNO^. I n  a  t y p i c a l  r e a c t i o n ,  Fe^fSRj^CCO)^ (1 .3  
mmol) and NaNO^ ( 0 ,5 0 g ,  7 .1  mmol) were r e f l u x e d  i n  30  ml o f  d ry
r e d i s t i l l e d  DMF f o r  30 m in u te s  u n d e r  n i t r o g e n ,  and t h e n  c o o le d  to  
100^0, 500 ml o f  d ry  r e d i s t i l l e d  t o lu e n e  was ad d ed ,  c a u s in g
c o n v e r s io n  o f  g re e n  [F e (N 0)2 (S R )2 ]~  t o  r e d  F e2 (8 R )2 (N 0 )^ .  This  
m ix tu r e  was f i l t e r e d  and th e  f i l t r a t e  e v a p o ra te d  t o  d r y n e s s ;  t h e  
r e s i d u e  was d i s s o l v e d  i n  CH^Cl^ (40 ml) and t h e  s o l u t i o n  washed w i th  
w a te r  (10 x 300 m l ) .  The o r g a n i c  f r a c t i o n  was d r i e d  o v e r  Na^SO^, 
f i l t e r e d ,  and re d u c e d  t o  s m a l l  volum e. The d a rk  r e d  p r o d u c t  was 
p r e c i p i t a t e d  by a d d i t i o n  o f  an e q u a l  volume o f  i c e - c o l d  m e th a n o l .  The 
a v e ra g e  y i e l d  f o r  t h e  r e a c t i o n  was 25%,
( i i )  R e a c t io n  w i th  PPN(N02). To THF s o l u t i o n s  c o n t a i n i n g  Fe2(SR )2(N 0)^  
u n d e r  n i t r o g e n ,  was added e q u im o la r  q u a n t i t i e s  o f  PPN(NO^), Over a 
h a l f  an hour p e r o id  t h i s  m ix tu re  d a rk e n e d  i n  c o l o u r .  E x t r a c t s  o f  t h i s  
s o l u t i o n  were examined by e . p . r ,  s p e c t r o s c o p y  to  r e v e a l  t h e  p re s e n c e  
o f  p a ra m a g n e t ic  m o n o - i ro n  f r a g m e n ts .  However, a l l  a t t e m p t s  t o  i s o l a t e  
t h e s e  r e s u l t e d  i n  t h e  s o l e  i s o l a t i o n  o f  Fe2 (SR)2 (N0 ) ^ .
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2 . 3
A lk y l  d i s u l p h i d e s  r e a c t  w i th  Fe (CO) and Fe (C 0 ) ,_  t o  y i e l dc y j  12
F e2 (SR)2 (C0 )g i n  a  s y n t h e t i c a l l y  u s e f u l  r e a c t i o n ^ ^ .  An a t t r a c t i v e  
p o s s i b i l i t y  f o r  t h e  f o r m a t i o n  o f  Fe2 ( 8 R ' ) 2 (C0 )^ i n  c a s e s  w here  t h e  
d i s u l p h i d e  ^^'2^2 low v o l a t i l i t y  w h i l s t  t h a t  o f  R^S^ i s  h ig h  i s
t h e  exchange r e a c t i o n :
Fe2(8M e)2(C0)g + RSSR Fe2(SR )2(C 0)^
I n  t h i s  c h a p t e r  t h e  r e s u l t s  o f  an  e x a m in a t io n  o f  t h e  f e a s i b i l i t y  o f  
t h i s  r e a c t i o n  a r e  r e p o r t e d .
R ef lu x  o f  a  m ix tu re  o f  F e2 (SMe)2 (C0 )^ w i th  an e x c e s s  o f  E t 2&2
r e s u l t e d  i n  t h e  i s o l a t i o n  o f  Fe2 ( S E t ) 2 (C0 ) g . E x a m in a t io n  o f  t h e
p r o d u c t s  o f  t h i s  r e a c t i o n  by mass s p e c t r o m e t r y  r e v e a l e d  t h a t  t h e
r e a c t i o n  p ro ce e d e d  by an  i n i t i a l  f o r m a t io n  o f  t h e  mixed e s t e r
Fe2 (SM e)(8 Et)(CO )^ fo l lo w e d  s u b s e q u e n t ly  by f o r m a t io n  o f  
F 02 (S E t)2 (C O )^ .
Et 8
F G 2 (8 R )2 (C 0 )g  F e2 (SMe) (SE t)  (CO)^
E t  8
Fe(8Me)(8Et)(C0)g------------------Fe2(8Et)2(C0)g
C o n c u r re n t  w i th  t h e  f o r m a t io n  o f  Fe2 (SM e)(8 Et)(CO )g t h e  g e n e r a t i o n  o f
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t h e  mixed d i s u l p h i d e  MeSSEt was d e t e c t e d  by GC/MS: o n ly  a t  a  f a i r l y
l a t e  s t a g e  i n  t h e  r e a c t i o n  was a  s i g n i f i c a n t  q u a n t i t y  o f  MegS^ 
d e t e c t e d .
There  a r e  s e v e r a l  d i s t i n c t  m e c h a n i s t i c  p o s s i b i l i t i e s  f o r  t h e  
f o r m a t io n  o f  t h e  mixed e s t e r  Fe^CSMe)(SEt)(CO)g i n  t h e  exchange  
r e a c t i o n .  A p o s s i b l e  r o u t e  would be by r i n g  f i s s i o n  o f  F e 2 (SMe)2 (C0 )^ 
and F e2 ( S E t ) 2 (C0 )g fo l lo w e d  by r e c o m b in a t io n .  R e f lu x  o f  an e q u im o la r  
m ix tu r e  o f  F e2 (SMe)2 (C0 )^ and Fe2 ( S E t ) 2 (C0 )g i n  benzene  r e s u l t e d  i n  
t h e  i s o l a t i o n  o f  t h e  mixed e s t e r .  However, t h i s  to o k  c o n s i d e r a b l y
l o n g e r  t h a n ' t h a t  o b se rv e d  i n  t h e  r e a c t i o n  o f  Fe2 (SMe)2 (C0 )^ w i th  
^ ^ 2^ 2 * th e  mixed e s t e r  were t o  be g e n e r a t e d  by a r i n g  f i s s i o n
p r o c e s s  i t  would r e q u i r e  t h e  i n i t i a l  f o r m a t io n  o f  Fe2 ( S E t ) 2 (C0 ) g , 
which was o b s e rv e d  to  be g e n e r a te d  a f t e r  t h e  f o r m a t io n  o f  
F e2 (SM e)(SE t)(C O )g ; hence  t h i s  p r o c e s s  may be d i s r e g a r d e d .  L ik e w ise  
exchange be tw een  ^6282  and E t 2S2 u n d e r  t h e  same r e a c t i o n  c o n d i t i o n s  
o c c u r r e d  v e ry  s lo w ly ,  and f o r  e f f e c t i v e  exchange to  o c c u r  t h e  p r e s e n c e  
o f  a  c a t a l y t i c  q u a n t i t y  o f  R8” /H 8“ i s  n e c e s s a r y ^ ^ .  Hence, i t  can  be 
assumed t h a t  exchange  m ust o c c u r  v i a  a  s t e p w is e  r e p l a c e m e n t  o f  8 R 
g r o u p s .
F e2 (SR)2 (C0 )g ’*■^*2^2 Fe(SR) ( 8 R» ) (0 0 )^  + R8SR»
Fe ( 8 R ) (8 R ') (C 0 )g  + R' 8   -------» F e ( S R ' ) 2 (C0 )^ + R8 8 R'
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I n  a d d i t i o n  t o  t h e  e x a m in a t io n  o f  t h e  exchange r e a c t i o n  be tw een
FegCSMejgfCO)^ and E t^ S ^ ,  t h e  r e a c t i o n  o f  FegCSEtj^fCO)^ and
(BzzPhCHg) was exam ined , t h i s  r e s u l t e d  i n  t h e  f o r m a t io n  o f
FegtSBzïgfC O )^ w i th  t h e  o b s e r v a t i o n  o f  a  mixed, e s t e r  i n t e r m e d i a t e
Fe^CSEt)(SBz)(CO )g and t h e  d e t e c t i o n  o f  b o th  ' BzSSEt and E t^ S ^ .
R e p e a t in g  t h i s  s tu d y  s u b s t i t u t i n g  BzSH f o r  Bz S f a i l e d ,  even  a f t e r<-
p ro lo n g e d  r e f l u x ,  t o  y i e l d  e i t h e r  F e2 (S B z)2 (C0 )^ o r
Fe^C SE t)(S B z)(C O )g , . S in c e  b e n z y l  m erc ap ta n  was found  n o t  t o  exchange  
i n  t h e  s o l v e n t  sy s tem  exam ined , d e s p i t e  th e  v o l a t i l i t y  o f  EtSH
Fe (S E t)  (CO)g + BzSH X— EtSH + Fe2 (S E t)  (SBz) (CO)^
i t  can  be c o n c lu d e d  t h a t  t h e  exchange  r e a c t i o n  depends  upon th e  
s u l p h u r ’s  n u c l e o p h i l i c i t y  ( c x - e f f e c t )  which a r i s e s  from t h e  two 
a d j a c e n t  s u lp h u r  atom s i n  t h e  d i s u l p h i d e ,  A r e a c t i o n  scheme can  be 
p ro p o se d :
\  s .
).S-R MeS ^ S R  ^
I I -MeSSR /  \( O O s F e   -----------F e ( C 0 ) 3 --------- > (OC) s F e ------------- FeC C Oj a  ( 0 C ) 3 p e    F e ( C 0 ) 3
Me JMe Me
The a l k y l  e s t e r s  o f  b o th  ty p e s  Fe2(SR )2(C 0)^  and F e2 (8 R )2 (N 0 )^ ,  
a r e  i n s o l u b l e  i n  w a t e r ,  and one o f  t h e  o b j e c t s  o f  t h i s  s tu d y  was t o  
d e v e lo p  s y n t h e t i c  r o u t e s  t o  w a te r  s o l u b l e  i r o n - s u l p h u r  c a rb o n y l s  p r i o r  
t o  t h e  c o n v e r s io n  t o  t h e i r  a n a lo g o u s  n i t r o s y l .  By a p p l i c a t i o n  o f  a
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s u i t a b l y  f u n c t i o n a l i s e d  d i s u l p h i d e  i n  t h i s  l i g a n d  exchange  p r o c e s s  t h e  
r e s u l t a n t  c a rb o r^ r l  s h o u ld  d e m o n s t r a te  good s o l u b i l i t y  
c h a r a c t e r i s t i c s ,  (MeOCOCH^S)^ was c h o sen  f o r  exchange a s  a  c o n v e n ie n t  
p r e l i m i n a r y  t o  em ploying  (HOCOCH^S)^; u s e  o f  th e  a c id  s h o u ld  r e s u l t  i n  
a v e ry  w a te r  s o l u b l e  com plex . However, i t  was found  t h a t  even  a f t e r  
e x te n d e d  r e f l u x  o f  FegCSMeïgCCO)^ w i th  (MeOCOCHgS)^ i n  benzene  no 
exchange  p r o d u c t s  w ere  d e t e c t e d .  T h is  r e d u c t i o n  o f  r e a c t i v i t y  may 
have  b een  due to  t h e  c a rb o x y l  g ro u p  r e d u c in g  th e  s u p e r n u o l e o p h i l i c i t y  
o f  t h e  d i s u l p h i d e .  To d e te rm in e  w h e th e r  Fe^CSCH^COOMe)^(CO)^ c o u ld  be 
fo rm ed ,  th e  r e a c t i o n  o f  t h e  d i s u l p h i d e  w i th  Fe^CCO)^^ was exam ined . 
R e a c t i o n  o f  (MeOCOCH^S)^ w i th  y i e l d e d  FGgfSCH^COOMei^CCO)^,
b u t  i n  a d d i t i o n  Fe^SgfCO)^ and Fe^S^(CO)^ were a l s o  i s o l a t e d .  I t  was 
a l s o  found  t h a t  r e f l u x i n g  a  m ix tu re  o f  Fe^CCO)^^ end e le m e n t a l  s u lp h u r  
y i e l d e d  a m ix tu re  o f  and Fe^S^CCO)^. However, s i n c e  t h e
r e a c t i o n  was pe rfo rm ed  i n  s u lp h u r  f r e e  ben zen e , i t  m ust be assumed 
t h a t  a  s u lp h u r  e x t r a c t i o n  m ust have  o c c u r r e d .  R e f lu x  o f  e i t h e r  
(MeOCOCHgS)^ o r  MCgSg w i th  Fe^S^CCO)^, Fe^SgCCO)^, o r  a  m ix tu r e  o f  
b o th  f a i l e d  to  y i e l d  any S - a l k y l a t e d  i r o n  c a rb o n y l  p r o d u c t s .  I t  
f o l l o w s  t h e r e f o r e  t h a t  Fe^S^CCO)^ and  FegSgfCO)^ a r e  n o t  i n t e r m e d i a t e s  
i n  t iie  f o r m a t io n  o f  FegCSRy^CCO)^. I n  th e  e x a m in a t io n  o f  t h e i r  
f o r m a t i o n  i n  t h e  r e a c t i o n  o f  (MeOGOCH^S)^ w i th  Fe^CCO).^^ t h e s e  
com plexes  were d e t e c t e d  v e ry  q u i c k l y ,  and s u b s e q u e n t  r e f l u x  o f  t h e  
m ix tu r e  r e s u l t e d  i n  a  d e c r e a s e  i n  t h e i r  c o n c e n t r a t i o n  (due  t o  th e rm a l  
d e c o m p o s i t io n )  and i t  can be assumed t h a t  th e  com plexes a r e  formed 
i n i t i a l l y  r a t h e r  th a n  by a  s e c o n d a ry  r e a c t i o n  from Fe2 ( 8 R)2 (C0 ) ^ .
l a b l g .
R e a c ta n t Method P ro d u c t Yield/%
Feg(CO)g A Fe(C 0)2(N 0)2 b
F « 3 (C 0 ) l2 A FefCOigCNOig b
FegtSMeigCCOig A Fe^CSMejgCNO)^ 33
FegfSMejgfCO)^ B FegtSMeigCNO)^ 92
Feg(SMe)2(C0)g C FegfSMeigCNO)^ 25
FegCSEtjgCCOg - A FegCSEtlgCNO)^ 33
Feg(SEt)g(CO )g B FegCSEtjgCNO)^ 90
FegCSPr^igCCOig B FSgCSPr^jgCNO)^ 95
FegtSPrljgC C O jg C FegCSPrljgCNO)^ 25
Feg(SBz)g(CO)g B Feg(BBz)2(N 0)y 91
Fe^SgCCO)^ A FGySgCNOiy- 79
fegSgCCO)* B No r e a c t i o n -
A Fe^SsCNO).^- 82
Fe^S^CNO)^-^ 9
Fe^S^CCO)^-^ B c —
PGsSgfCCOg A 53
FG3S^(C0)g D Fe^SgCNOiy- 81
F e ,S ,(C O )„ B No r e a c t i o n -
a .  Method A; R e f lu x  i n  aqueous  a l k a l i n e / a c i d i c  n i t r i t e .  Method B; 
A p p l i c a t i o n  o f  n i t r i c  o x i d e .  Method C: R e a c t io n  w i th  n i t r i t e  i n  DMF,
Method D. R e a c t io n  w i th  n i t r i c  o x id e  i n  a l k a l i / a c i d ,
b . V o l a t i l e  p r o d u c t ;  y i e l d  n o t  m ea su red ,
c .  T race  o n ly  o f  n i t r o s y l a t e d  p r o d u c t ,  n o t  i d e n t i f i e d .
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I n  c o n c lu s i o n ,  a  l i g a n d  exchange  p r o c e s s  be tw een  FegfSRjgCCO)^ 
and R’gSg e x i s t s ,  a l t h o u g h  i t  a p p e a r s  n o t  t o  be g e n e r a l  s i n c e  exchange  
be tw een  Fe2 (SMe)2 (C0 )^ and (NeOCOCHgSjg was n o t  a c h ie v e d :  i t  d id
however p rove  p o s s i b l e  t o  s y n t h e s i s e  Fe2 ( 8CH2 C02Me) 2 ( ) g from
Feg(C 0)^2  (Me0C0CH2S)2.
S te p w ise  r e p l a c e m e n t  o f  c a r b o n y l  l i g a n d s  by n i t r o s y l s  may be 
f a c i l i t a t e d  by t r e a t m e n t  o f  Fe(CO)^ w i th  a l k a l i n e  n i t r i t e  t o  y i e l d  t h e  
m o n o - n i t r o s y l  complex [Fe(CO)gNO]", (w hich i s  i s o l a b l e  a s  i t s  m ercu ry  
d e r i v a t i v e ^ ^  Hg[Fe(C0 )^N0 ] 2 ) : a c i d i f i c a t i o n  o f  t h i s  a l k a l i n e  m ix tu re
i n  t h e  p r e s e n c e  o f  f u r t h e r  n i t r i t e  y i e l d s  Fe(C0 ) 2 (N0 ) 2 ^?  F u r t h e r  
s u b s t i t u t i o n  i s  d i f f i c u l t ,  b u t  p o s s i b l e ,  a s  p h o t o l y s i s  o f  Fe(C 0 ) 2 (N0 )2  
i n  t h e  p r e s e n c e  o f  n i t r i c  o x id e  y i e l d s  Fe(CO)(NO )^^^.
I n  t h e  f o r m a t io n  o f  Fe(CO)2 (N0 )2  from Fe(CO)^, t h r e e  c a rb o n y l  
l i g a n d s  a r e  r e p l a c e d  by two n i t r o s y l s .  S e v e r a l  i r o n - s u l p h u r  c a r b o n y l s  
e x i s t  w i th  t h r e e  c a r b o n y l  l i g a n d s  t e r m i n a l l y  bonded t o  i r o n ,  and th u s  
t h i s  exchange  r e a c t i o n  o f  t h r e e  c a rb o n y l  l i g a n d s  f o r  two n i t r o s y l  
l i g a n d s  i s  an a t t r a c t i v e  p o s s i b i l i t y  f o r  t h e  f o r m a t io n  o f  new 
i r o n - s u l p h u r  n i t r o s y l s .
FeL^^CO)? 5^FeL^(NO)2
I n  t h i s  s e c t i o n  t h e  r e s u l t s  o f  t h e  r e a c t i o n  be tw een  a s e l e c t i o n  o f
-  33 -
i r o n  c a rb o n y l s  and a l k a l i n e / a c i d i c  n i t r i t e  and n i t r i c  o x id e  i s  
r e p o r t e d .
Both Fe^CCO)^ and Fe^CCO)^^ were t r e a t e d  w i th  a l k a l i n e / a c i d i c
n i t r i t e  t o  t e s t  t h e  g e n e r a l i t y  o f  n i t r o s y l a t i o n  r e a c t i o n .  I n  b o th
c a s e s  t h e  s o l e  i r o n - n i t r o s y l  p r o d u c t  i s o l a t e d  was FeCCOÏgfNO)^. No
d i - i r o n  o r  t r i - i r o n - n i t r o s y l  c a r b o n y l  s p e c i e s  w ere  e i t h e r  i s o l a t e d  o r
d e t e c t e d  i n  t h e  r e a c t i o n .  The i s o l a t i o n  o f  t h e  m o n o - iro n  s p e c i e s
FefCOÏgCNOjg i s  n o t - p a r t i c u l a r l y  s u r p r i s i n g  s i n c e  b o th  FegCCO)^ and
20Fe (C 0)^2  r e a c t  w i th  n i t r i c  o x id e  u n d e r  m i ld e r  c o n d i t i o n s  t o  y i e l d  
F e (C 0 )2 (N 0 )g .
27 28P r e v io u s  work i n  t h i s  l a b o r a t o r y  * h a s  shown t h a t  n i t r i c  o x id e  
r e a c t s  w i th  Fe2 (SMe)2 (C0 )^ a t  room o r  low te m p e r a tu r e s  t o  y i e l d  
FegCSMejgCNO)^. However, i n  t h e s e  s t u d i e s  t h e  r e a c t i o n  was found t o  
p ro ce e d  s lo w ly  and low y i e l d s  w ere  o b t a i n e d .  R e p e a t in g  t h i s  s tu d y  and 
exam in ing  t h e  r e a c t i o n  m ix tu re  w i th  t im e  by b o th  t . l . c .  and i . r .  
s p e c t r o s c o p y  r e v e a l e d  no o t h e r  s p e c i e s  a p a r t  from Fe2 (SMe)2 (C0 )^ and 
FegCSMejgCNO)^. The a b sen c e  o f  any d e t e c t a b l e  mixed c a r b o n y l  n i t r o s y l  
co m p lexes ,  s u g g e s t s  t h a t  t h e s e  com plexes  a r e  more l a b i l e  t o  exchange  
th a n  th e  p a r e n t  FegCSMej^fCO)^. Mixed c a rb o n y l  n i t r o s y l  i n t e r m e d i a t e s  
m ust e x i s t ,  s i n c e  f o r  c o m p le te  exchange  t o  o c c u r  i n  one  s t e p ,  a  f i f t h  
o r d e r  r e a c t i o n  i s  r e q u i r e d ,  t h e  p r o b a b i l i t y  o f  w hich i s  r a t h e r  low . 
I t  was found t h a t  by t h e  s im p le  e x p e d ie n t  o f  r e f l u x i n g  th e  r e a c t i o n  
m ix tu r e  w h i l s t  b u b b l in g  n i t r i c  o x i d e ,  a  r e l a t i v e l y  q u ic k  and c o m p le te  
c o n v e r s io n  o f  t h e  c a r b o n y l  t o  t h e  a n a lo g o u s  n i t r o s y l  was a c h ie v e d .
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The exchange  r e a c t i o n  was r e p e a t e d  w i th  b o th  FegCSEtjgCNO)^ and 
F e2 (SB z)2 (N0 ) ^ ;  and i n  each  c a s e  h ig h  y i e l d s  o f  t h e  a n a lo g o u s  n i t r o s y l  
was o b ta in e d *
To d e te r m in e  th e  n a t u r e  o f  t h e  i n t e r m e d i a t e s  o f  t h e  n i t r o s y l a t i o n  
r e a c t i o n ,  an e q u im o la r  m ix tu re  o f  Fe2 (SMe)2 (C0 )^ and F e g ( S E t ) 2 (C0 )g 
was n i t r o s y l a t e d  w i th  n i t r i c  o x i d e .  E x a m in a t io n  o f  t h e  m ix tu re  w i th  
t im e  u s in g  mass s p e c t r o m e t r y  showed t h a t  t h e  c a r b o n y l ~ n i t r o s y l  
exchange  p ro ce e d e d  a t  e s s e n t i a l l y  t h e  same r a t e  f o r  t h e  two compounds 
and t h a t  no Fe^CSMe) (S E t)  (CO)^ o r  Fe^CSMe) (SE t)  (NO)jj  ^ was fo rm ed . The 
a b se n c e  o f  t h e  mixed e s t e r  i m p l i e s  t h a t  t h e  i r o n - s u l p h u r  r i n g  re m a in s  
i n t a c t  b o th  by  th e  a c t i o n  o f  r e f l u x i n g  i n  c h lo ro fo rm  and d u r in g  
c a r b o n y l - n i t r o s y l  e x c h an g e .  No d e t a i l e d  m e c h a n i s t i c  s t u d i e s  w ere  
pe rfo rm ed  f o r  t h e  exchange r e a c t i o n ,  b u t  i t  s h o u ld  be n o te d  t h a t  
FegfSRÏgfCO)^ i s  s t a b l e  t o  r e f l u x  i n  c h lo r o f o rm ,  s u g g e s t i n g  t h a t  t h e  
r e a c t i o n :
FegCSRigCCO)^ » [ F e 2 (S R )2 (C 0 )^ _ ^ ]  + xCO
i s  u n l i k e l y  s i n c e  c a rb o n  monoxide would be l o s t  from th e  sy s te m , which 
would l e a d  t o  t h e  e v e n tu a l  d e c o m p o s i t io n  o f  t h e  c a rb o n y l  com plex. I t  
can  t h e r e f o r e  be i n f e r r e d  t h a t  th e  i n i t i a l  c a r b o n y l - n i t r o s y l  exchange  
o c c u r s  by a  b i m o l e c u l a r  p r o c e s s .
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YDahl has  used  a h ig h  p r e s s u r e  g a s e o u s  exchange  r e a c t i o n  i n  t h e  
p r e p a r a t i o n  o f  Fej^S^CCO)^^ from Fe^S^(NO)^. A t te m p ts  t o  c o n v e r t  
FegCSRÏgCNO)^ t o  FegCSRÏgCCO)^ by th e  b u b b l in g  o f  c a rb o n  monoxide 
th ro u g h  a r e f l u x i n g  s o l u t i o n  o f  t h e  n i t r o s y l  i n  c h lo ro fo rm  p roved  
u n s u c c e s s f u l .  A f t e r  t h r e e  h o u rs  b u b b l in g  no c a r b o n y l  complex c o u ld  be 
d e t e c t e d  by i . r .  s p e c t r o s c o p y  and t h e  r e s u l t a n t  work up o f  t h e  
s o l u t i o n  y i e l d e d  Fe2 ( 8 R)2 (N0 )y i n  an a lm o s t  q u a n t i t a t i v e  r e c o v e r y .
I n  a d d i t i o n  t o  t h e  e x a m in a t io n  o f  t h e  c a r b o n y l - n i t r o s y l
c o n v e r s io n  o f  FegfSRjgfCO)^ by means o f  n i t r i c  o x i d e ,  a l k a l i n e / a c i d i c
n i t r i t e  was examined as  a  method f o r  p r e p a r in g  t h e  n i t r o s y l  a n a lo g u e s
from  th e  c a r b o n y l s .  R e a c t io n  o f  FegCSMeigCNO)^ w i th  aqueous  a l k a l i n e
n i t r i t e  y i e l d e d  a  g r e e n  s o l u t i o n ;  a d d i t i o n  o f  a c id  t o  t h i s  i n  t h e
p r e s e n c e  o f  n i t r i t e  r e s u l t e d  i n  t h e  g e n e r a t i o n  o f  a  r e d  s o l u t i o n :  t h e
c a r b o n y l  complex was c o m p le te ly  c o n v e r te d  t o  i s o l a b l e  Fe2 (SR)2 (N0 ) ^ ,
The y i e l d s  o b t a in e d  w ere  co m parab le  w i th  th o s e  o b t a i n e d  by u se  o f
n i t r i c  o x id e  a t  room t e m p e r a t u r e ,  b u t  low i n  c om par ison  w i th  t h a t
o b t a i n e d  u s in g  n i t r i c  o x id e  a t  e l e v a t e d  t e m p e r a t u r e s .  I f  t h e  same
exchange  p r o c e s s  o c c u r s  w i th  FegCSMejgCCO)^ a s  t h a t  p ro p o se d  f o r  t h e
c o n v e r s io n  o f  Fe(C 0 ) 2 (N0 ) 2 , t h e n  an i n t e r m e d i a t e  such  as
[Fe(SR )(CO )(N 0)1 “  m ig h t  be e x p e c te d  a f t e r  t r e a t m e n t  w i th  a l k a l i n e
n i t r i t e .  A t te m p ts  t o  i s o l a t e  such  a  complex p roved  u n s u c c e s s f u l .
A lthough  [Fe(CO)g(NO)]~ can  be  i s o l a t e d  a s  a  m e r c u r y ( I I )  d e r i v a t i v e
( [F e (C 0 )g(N 0 ) ] 2 Hg), a  s i m i l a r  i s o l a t i o n  p ro c e d u r e  c o u ld  n o t  be a p p l i e d
to  t h e  p u t a t i v e  i o n  [Fe(SR)CO(NO)] “ s i n c e  m ercu ry  s a l t s  r e a d i l y
27o x i d i s e  i r o n - s u l p h u r  n i t r o s y l s
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A r e c e n t  p u b l i c a t i o n  has  shown t h a t  t h e  a c t i o n  o f  PPNENO^] on
Fe(CO)^ i n  ÏÏIF y i e l d s  [Fe(CO)^ (NO) ](PPN) i n  h ig h  y i e l d s .  T h is  b 3
r e a c t i o n  was r e p e a t e d  s u b s t i t u t i n g  Fe2(SR)2(C 0)^  f o r  Fe(CO)^. 
E x a m in a t io n  o f  t i ie  g r e e n  r e a c t i o n  m ix tu r e  a f t e r  a d d i t i o n  o f  a  2 :1  
m o la r  r a t i o  o f  [PPNKNO^) t o  Fe(SR )2 (C0 )^ r e s u l t e d  i n  t h e  o b s e r v a t i o n  
o f  a  p a ra m a g n e t ic  m o n o - i ro n  complex (g = 2 .0 2 2 ;  A=1.6G). T h is  i m p l i e s
t h a t  t h e  n i t r o s y l a t i o n  r e a c t i o n  i n v o l v i n g  n i t r i t e  p ro c e e d s  y l a .  a  r i n g  
f i s s i o n  p r o c e s s .  I n s u f f i c i e n t  h y p e r f i n e  c o u p l in g  was o b t a i n e d  f u l l y  
t o  a s s i g n  th e  p a ra m a g n e t ic  complex, b u t  h y p e r f i n e  c o u p l in g  to  two 
n i t r o s y l s  was r e s o l v e d .  A t te m p ts  t o  i s o l a t e  t h i s  m o n o - i ro n  s p e c i e s  
p ro v ed  u n s u c c e s s f u l ,  b u t  Fe2(SR )2(N 0)^  was r e a d i l y  i s o l a t e d .  I f  t h e  
aqueous  r e a c t i o n  i s  i d e n t i c a l  t o  t h a t  o b se rv e d  w i th  [PPN](NÛ2 ) t h e n  
th e  i n i t i a l  a l k a l i n e  s t a g e  r e s u l t s  i n  r i n g  f i s s i o n  fo l lo w e d  by 
s u b s t i t u t i o n  o f  two r a t h e r  th a n  one n i t r o s y l  l i g a n d .  I n  c h a p t e r s  4 ,5  
and 6 , t h e  r e s u l t s  o f  th e  e x a m in a t io n  o f  v a r i o u s  [Fe(N 0 ) 2L2 ]~ 
(L = c h a lc o g e n ,h a lo g e n ,p s e u d o h a lo g e n )  com plexes  a r e  d i s c u s s e d ;  in  
g e n e r a l  i t  i s  found t h a t  t h e s e  com plexes w ere  g r e e n ,  w h i l s t  t h e  
Fe2(SR )2(N 0)^  d im e rs  w ere  r e d .  The [Fe(N 0)2L 2]” com plexes  w ere  found 
t o  e x i s t  i n  a  pH d e p e n d e n t  e q u i l i b r i u m  v d th  Fe2L2(N0)^ t h e  d i n u c l e a r  
complex b e in g  f a v o u re d  i n  a c i d .  T h is  i m p l i e s  t h a t  t h e  a d d i t i o n  o f  
a c id  i n  t h e  c o n v e r s io n  r e a c t i o n  was r e q u i r e d  s o l e l y  t o  a d j u s t  t h i s  
e q u i l i b r i u m  to  y i e l d  t h e  r e l a t i v e l y  s t a b l e  d im e r .
In  c o n ju n c t io n  w i th  t h e  s tu d y  o f  t h e  c a r b o n y l - n i t r o s y l  exchange 
r e a c t i o n  f o r  FegCSR^gtCO)^, t h e  i r o n - s u l p h u r  c a r b o n y l s
and FegSgXCO)^ were a l s o  exam ined . [FegSgCCO)^]"^ i s  
i s o e l e c t r o n i c  w i th  R o u s s i n ' s  Red a n io n ,  [FegSgCNO)^]*^, w h i l s t
-  37 -
FegSgfCOjg have  no p r e v i o u s l y  i d e n t i f i e d  s t r u c t u r a l  
n i t r o s y l  a n a lo g u e s .  A t te m p ts  t o  n i t r o s y l a t e  t h e s e  t h r e e  com plexes  
w i th  n i t r i c  o x id e  e f f e c t e d  n e g l i g i b l e  r e a c t i o n .  R e p e a t in g  t h e s e  
r e a c t i o n s  by a p p l i c a t i o n  o f  t h e  aqueous  n i t r i t e  method y i e l d e d  i n  a l l  
t h r e e  c a s e s  [Fe^S^CNO)^]” , a l t h o u g h  some CFe^S^CNO)^^]” ^ was i s o l a t e d  
i n  t h e  c a se  o f  t h e  d i a n i o n  [Fe^SgCCO)^]"^. R e p e a t in g  t h e s e  r e a c t i o n s  
w i th  [PPNJCNO^) r e s u l t e d  i n  t h e  g e n e r a t i o n  o f  p a ra m a g n e t ic  m o n o - i ro n  
s p e c i e s ,  s i m i l a r  t o  th o s e  g e n e r a t e d  from Fe^SRgCCO)^, I f  t h e  
mechanism o f  c a r b o n y l - n i t r o s y l  exchange  i n  t h e s e  t h r e e  compounds 
p ro c e e d s  v i a  a common m o n o -iro n  i n t e r m e d i a t e  th e n  t h e  i s o l a t i o n  o f  a 
common p r o d u c t  i s  n o t  p a r t i c u l a r l y  s u r p r i s i n g .  S in c e  t h e  m o n o - iro n  
[Fe(NO)2L23~ f ra g m e n ts  e x i s t  i n  an  a c id  ba se  e q u i l i b r i u m  w i th  t h e i r  
d im e r s ;
2[Fe(NO)2L23*"^==^ Fe^L^CNO)  ^ + 2L
t h e  e x p e c te d  p r o d u c t  from t h e s e  r e a c t i o n s  i s  t h e r e f o r e  
[Fe^S^CNO)^] However, [Fe^S^(NO)^]*" and [Fe^S^CNO)^]"^ e x i s t  i n  an 
a c i d / b a s e  e q u i l i b r i u m ^ ^ ’^ ^ ,  [Fe^S ^(N 0)^3“ b e in g  f a v o u re d  i n  a c i d .  
S in c e  t h e  f i n a l  s t e p  o f  t h e s e  n i t r o s y l a t i o n  r e a c t i o n s  i n v o l v e s  
a p p l i c a t i o n  o f  a c i d ,  t h e  i s o l a t i o n  o f  [Fej^S^(NO)^]“ a s  t h e  m a jo r  
p r o d u c t  i n  t h e s e  r e a c t i o n s  i s  a c c o u n te d  f o r .
[ F e g S g ( N O ) ^ ] - # = — [FeySg(NO)y]'
I n  t h e  n i t r o s y l a t i o n  o f  F e 2 (8 R )2 (C 0 )^ ,  [Fe^S ^(N 0)^3"  i s  n o t  o b t a i n e d
s i n c e  t h e  a l k y l  g ro u p  i s  n o t  l a b i l e .
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I n  c o n c lu s i o n  two m ethods o f  c o n v e r t in g  c a r b o n y l s  t o  n i t r o s y l s  
have  been  d e v e lo p e d ,  and t h e  u se  o f  n i t r i t e  p ro v ed  t o  be a  good 
g e n e r a l  m ethod. However, t h e  y i e l d s  o b t a in e d  i n  t h e s e  r e a c t i o n s  w ere  
l e s s  th a n  th o s e  o b t a in e d  by a p p l i c a t i o n  o f  t h e  more s p e c i f i c  n i t r i c  
o x id e  m ethod. T h is  second  m ethod i s  v a s t l y  s u p e r i o r ,  due t o  t h e  h ig h  
y i e l d s  o b t a i n a b l e  and t h e  s i m p l i c i t y  o f  workup.
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.CHAPTER THREE
(X=3U8e).
X -ray  s t r u c t u r a l  a n a l y s i s  o f  Fe2 (S E t)g (N 0 )^ showed^ th e  m o le c u le
t o  be c e n tro s y m m e tr ic  and o f  a p p ro x im a te ly  m o le c u la r  sym m etry.
T here  a r e  d i f f e r e n c e s  i n  th e  l i t e r a t u r e  o v e r  t h e  s o l u t i o n  p h ase
2 Rs t r u c t u r e  o f  t h e  compound ’ . T h is  s t r u c t u r e  may be r e t a i n e d  as  t h e  
s o l e  co n fo rm er  o r  t h e  s o l u t i o n  may c o n t a i n  two com ponents  which a r e  
presum ed to  be c o n fo rm ers  o f  and 0^^ symmetry ( f i g .  3 . 1 ) .  The
r e s u l t s  o f  a  s o l u t i o n  phase  e x a m in a t io n  o f  Fe2 (SR )^(N 0 )^  by and 
n . m . r .  s p e c t r o s c o p i e s  a r e  r e p o r t e d  i n  t h i s  c h a p t e r .
The c o o r d i n a t i o n  c h e m is t ry  o f  t r a n s i t i o n  m e ta l  n i t r o s y l s  h a s  been  
e x t e n s i v e l y  s t u d i e d  and r e v ie w e d ^ ~ ^ ^ . N i t r i c  o x id e  p o s s e s s e s  a  s i n g l e  
u n p a i r e d  e l e c t r o n  i n  an a n t ib o n d in g  o r b i t a l ,  which r e s u l t s  i n  i t  
d e m o n s t r a t in g  c o n s i d e r a b l e  v e r s a t i l i t y  i n  i t s  c o o r d i n a t i o n  c h e m i s t r y .  
I n f r a - r e d  n i t r o s y l  s t r e t c h i n g  f r e q u e n c i e s  have  been  u se d  t o  
d i f f e r e n t i a t e  be tw een  t h e  d i f f e r e n t  ty p e s  o f  n i t r o s y l  bond ing^
N i t r i c  o x id e  h a s  a  s t r e t c h i n g  f re q u e n c y  a t  1878 cm~^, w h i l s t  t h a t  o f  
NO^ i n  n i t ro s o n iu ra  s a l t s  i s  2 2 0 0 - 2 3 0 0  cra“  ^ 5i^2 bonded i n  t h e s e
s a l t s  by t r a n s f e r  o f  t h e  odd e l e c t r o n  from NO t o  t h e  m e ta l ,  fo l lo w e d  
by e l e c t r o n  p a i r  d o n a t i o n  from NO*, C o o r d in a t io n  o f  NO*^  t o  t r a n s i t i o n  
m e ta l s  r e s u l t s  i n  a  d e c r e a s e  i n  t h e  NO* s t r e t c h i n g  f re q u e n c y  due t o  
t h e  TT back  bond ing  r e s u l t i n g  from  t h e  o v e r l a p  o f  f i l l e d  d<jy o r b i t a l s
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w ith  ÎT a n t ib o n d in g  o r b i t a l s  on th e  l i g a n d ,  Lewis and cow orkers
a s s ig n e d  s t r e t c h i n g  f r e q u e n c i e s  i n  t h e  r an g e  1980-1550 cm*"  ^ t o  NO*
-1c o o r d i n a te d  t o  t r a n s i t i o n  m e ta l s  w h i l s t  th o s e  a round  1100  cm were
a s s ig n e d  to  com plexes c o n t a i n i n g  NO", p roduced  by th e  t r a n s f e r  o f  an
odd e l e c t r o n  from t h e  m e ta l  t o  NO. T h is  c l a s s i f i c a t i o n  i s  n o t  t o t a l l y
13s a t i s f a c t o r y ,  and i t  h a s  b een  s u g g e s te d  t h a t  t h e  f r e q u e n c i e s  i n  t h e  
r a n g e  1500-1700 cm*"** a r e  b e t t e r  a s s ig n e d  t o  NO” .
X -ray  a n a l y s i s  o f  t e r m i n a l l y  bonded n i t r o s y l s  c l e a r l y  d i v i d e
7t h e s e  m e ta l  n i t r o s y l s  i n t o  two c l a s s e s  . The f i r s t  o f  t h e s e ,  i n  which 
th e  M-N-0 bond i s  a p p ro x im a te ly  l i n e a r ,  a r e  r e g a r d e d  a s  com plexes 
c o n ta i n in g  NO*. The second  g ro u p  c o n t a i n s  M-N-0 f r a g m e n ts  w i th  a  bond 
a n g le  o f  a round  120° ,  and t h e s e  a r e  a s s ig n e d  t o  com plexes  c o n t a i n i n g  
NO” ,
With t h e  a d v e n t  o f  h ig h  f i e l d  F o u r i e r  T ransfo rm  n . m . r ,
s p e c t r o s c o p y  i t  h a s  become p o s s i b l e  t o  c a r r y  o u t  s t u d i e s  o f  m e ta l
n i t r o s y l s A l t h o u g h  o n ly  a  few m e ta l  n i t r o s y l s  have  been
examined by ^^N n . m . r .  s p e c t r o s c o p y ,  t h e  ^^N c h e m ic a l  s h i f t  h a s  been
e s t a b l i s h e d ^  as  a  s im p le  c r i t e r i o n  o f  s t r u c t u r e ,  r e a d i l y
d i s t i n g u i s h i n g  be tw een  l i n e a r  and b e n t  M-N-0 f r a g m e n t s .  I n  t h i s
15c h a p t e r  th e  r e s u l t s  o f  s o l u t i o n  p h a se  N n . m . r .  s t u d i e s  o f  
FegCSRÏgCNO)^, Fe^X^(NO)^ and [Fe^^X^CNO)^]” (X=S,Se) a r e  r e p o r t e d .
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3 .2.1
A l l  c h e m ic a ls  w ere  o f  r e a g e n t  g ra d e  and w ere  used  w i th o u t  f u r t h e r  
1 Rp u r i f i c a t i o n .   ^ Na[ NO^] (9955 e n r i c h e d )  was p u rc h a se d  from  MSD 
I s o t o p e s  I n c . ,  and was u sed  a s  r e c e i v e d .  A l l  n . m . r .  s o l v e n t s  w ere  o f  
t h e  h i g h e s t  com m ercial g r a d e  a v a i l a b l e  and w ere  d r i e d  by c o n v e n t i o n a l  
m ethods:  d e u t e r i a t e d  s o l v e n t s  w ere  o f  a t  l e a s t  9 8 . 5% i s o t o p i c  p u r i t y .
The e s t e r s  F e2 (SR)2 (**^N0 )^  (X=S, R = M e ,E t ,P r" ,P r^ ,B u t  and CHgPh; 
X=Se, RsMe) were p r e p a r e d  e i t h e r  from th e  c a r b o n y l  a n a lo g u e s  as  
d e s c r i b e d  i n  C h a p te r  2 o r  from Feglg(NO)^ a s  d e s c r i b e d  by R au ch fu ss
O 1 1 oand W e a t h e r i n '^ .  H and C n . m . r .  were r e c o r d e d  f o r  1% s o l u t i o n s
s e a l e d  u n d e r  vacuum, u s in g  a  B ru k e r  V/P-80 and a V a r ia n  CFT-20
i n s t r u m e n t  r e s p e c t i v e l y  ( t h e  s p e c t r a  o f  t h e  b e n z y l  a n a lo g u e  w ere
r e c o r d e d  by D r .  J .  M c G in n is ) .  The r e s u l t s  o f  n . m . r .  s tu d y  a r e
13r e c o r d e d  i n  t a b l e s  3 . 1 , 3 .2  and 3 .3  and *^ 0 n . m . r .  i n  t a b l e  3 . 4 ,  I t
was found t h a t  f o r  m ost s o l v e n t s  t h a t  t h e  s o l u b i l i t y  o f  F e g ( 8Me)g(N0 )^
13was to o  low f o r  r e c o r d in g  o f  s a t i s f a c t o r y  '^C n . m . r .  s p e c t r a .
15 77N and Se n . m . r .  s p e c t r a  w ere  r e c o r d e d  f o r  s o l u t i o n s  o f
Feg(SR)g(N O)^, Fe^Xy(NO)^ and [Fe^Xg(NO)y]”  u n d e r  n i t r o g e n  u s in g  t h e
B ru k e r  WH-360 and WP-200 s p e c t r o m e te r s  a t  t h e  U n i v e r s i t y  o f
E d in b u rg h .  S p e c t r a  w ere  r e c o r d e d  a t  3 6 .5  MHz and 6 8 .7  MHz
r e s p e c t i v e l y ,  u s in g  CH^^^NOg and MCgSe as  r e f e r e n c e s :  i t  was n o t  found
15n e c e s s a r y  t o  u s e  any r e l a x a t i o n  a g e n t s .  The r e s u l t s  o f  t h i s  N
-  44 -
n . m . r ,  s tu d y  a r e  r e c o r d e d  i n  t a b l e  3 *5 .
I n f r a - r e d  s p e c t r a  w ere  o b t a in e d  e i t h e r  a s  N u jo l  m u l ls  o r  KBr 
d i s c s  on a P e rk in -E lra e r  1330 s p e c t r o m e t e r .
3 . 2 . 2  Je.r.eparati.on-Of. (PPM* = Ph_PNPPh_+).
[Fej|S ( KO) ] was p r e p a r e d  by an a d a p t i o n  o f  t h a t  g iv e n  by 
1 8B ra u e r  . I n  a  t y p i c a l  r e a c t i o n  i r o n ( I I )  s u l p h a t e  (5 g )  i n  w a te r  (25  
ml) was added t o  a  m ix tu r e  o f  sodium s u lp h i d e  ( 5g )  and Na(^^NOg) 
( 0 ,5 0 g )  i n  w a te r  (25  m l ) .  The r e s u l t i n g  m ix tu r e  was e v a p o r a te d  to  
d r y n e s s ,  e x t r a c t e d  w i th  a c e to n e  and f i l t e r e d  th ro u g h  a  2 cm bed o f  
h y f l o  t o  remove f i n e l y  su sp en d ed  p a r t i c l e s  o f  i r o n  s u l p h i d e .  The 
a c e to n e  e x t r a c t  was e v a p o ra te d  t o  d r y n e s s  to  y i e l d  a  b l a c k ,  amorphous 
s o l i d ,  [Fe^Sg(^^NO)y] Na*. The PPN"* s a l t  was p r e p a r e d  by a d d i t i o n  o f  
an  e q u im o la r  q u a n t i t y  o f  [PPN]*C1~ d i s s o l v e d  i n  warm w a te r  (50  ml) to  
[Fe^Sg(N O )y]” i n  w a te r  (50  m l ) .  T h is  s o l u t i o n  v;as e x t r a c t e d  w i th  
CHgClg (3 X 50 m l ) ,  t h e  o r g a n i c  f r a c t i o n  was d r i e d  o v e r  Na^SO^, 
f i l t e r e d ,  and red u c e d  to  s m a l l  vo lum e. The b l a c k  p r o d u c t  was 
p r e c i p i t a t e d  by a d d i t i o n  o f  an e q u a l  volume o f  4 0 /6 0  p e tro le u m  e t h e r ,  
t o  y i e l d  a b o u t  0 .4 g  o f  (Fe^S 2 (^^N0 ) ^ ] (P P N ) . I . r . ;  t h r e e  pealcs i n  t h e
n i t r o s y l  sp e c t ru m  iza., 1755m, 1695s , and 1658m cm“ ^ . T . l . c . ;  s i n g l e
s p o t  moving w i th  s o l v e n t  i n  a c e to n e  and i n  m e th a n o l ,  non m o b ile  i n  
p e t r o l .
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3 . 2 , 3  Prepara±jj2jl_0f_iEej^8e^.(}■^N_Ol^Jl.(pPN}*.
The s y n t h e s i s  o f  t h e  s e le n iu m  a n a lo g u e  was by an a d a p t i o n  o f  t h a t
d e v e lo p e d  by McGinnis'* [Fe^^Se^C** ^N0)^]~ was p r e p a r e d  as
[Fe^S^(^^N O )^]“ , s u b s t i t u t i n g  NaSeH f o r  NSgS. The i n i t i a l  p r o d u c t i o n
o f  t h e  a n io n i c  [Fe^Se^CNO)^]” was p e rfo rm ed  u n d e r  n i t r o g e n  t o  p r e v e n t
d e c o m p o s i t io n  o f  t h e  NaSeH, o t h e r w i s e  t h e  p r o d u c t i o n  o f  t h e  s e le n iu m
a n a lo g u e  was i d e n t i c a l  t o  t h a t  o f  t h e  s u lp h u r  compound. I . r , :  t h r e e
peaks  i n  t h e  n i t r o s y l  s t r e t c h i n g  r e g i o n  o a . 1756m, 1690 s ,  and 1658m
-1cm . T . l . c . :  s i n g l e  s p o t  moving w i th  s o l v e n t  i n  a c e to n e  and i n
m e th a n o l ,  non m o b i le  i n  p e t r o l .  Y ie ld s  i n  t h i s  r e a c t i o n  w ere  
c om parab le  t o  th o s e  o b t a i n e d  f o r  t h e  s u lp h u r  a n a lo g u e .
3 . 2 , 4  Pxepâ£p.j:lp,n..,çf,
The s y n t h e s i s  o f  Fe^Sj^(  ^ was by th e  method d e v e lo p e d  by
G re e n h i l l - H o o p e r  and Kennedy as  p a r t  o f  S e n io r  Honours u n d e r g r a d u a te  
p r o j e c t s .
[Fe^S^C^^N0 ) ^ 3” Na* ( 0 . 30g) and e l e m e n t a l  s u lp h u r  ( 0 , 50g) were
r e f l u x e d  i n  t o lu e n e  (50  ml) f o r  16 h o u rs  u n d e r  n i t r o g e n .  The s o l v e n t  
was e v a p o ra te d  and t h e  p r o d u c t  p u r i f i e d  by ch ro m a to g rap h y  on a  6 cm x 
1 cm ( d i a , )  s i l i c a  colum n, e l u t i n g  w i th  c h lo r o f o rm .  E v a p o r a t io n  o f  
t h e  s o l v e n t  y i e l d e d  0 ,1 8 g  o f  s h in y  b l a c k  p l a t e s ,  m .p .  95 - 97^ 0 , 
T . l . c . ;  b l a c k  s p o t  R f= 0 ,8  CHgClg on s i l i c a  g e l ,  I . r .  s i n g l e  s h a r p  
peak  a t  1756 cm” ^ , T h is  r e p r e s e n t s  a  y i e l d  o f  72%.
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3 * 2 .5  P r e p a r a t i o n ,  o f _Fe^Se^(L^.NO)^_ from.XEej^,e.^( 3” N a*.
The s y n t h e s i s  o f  t h e  se le n iu m  a n a lo g u e  o f  t h e  cubane l i k e  c l u s t e r  
was s i m i l a r  to  t h a t  o f  i t s  s u lp h u r  a n a lo g u e ,  s u b s t i t u t i n g  g rey  
se le n iu m  f o r  s u l p h u r .  I t  was found  t h a t  t h e  f o r m a t i o n  o f  t h e  s e le n iu m  
cubane was s lo w e r  t h a n  t h a t  o f  i t s  s u lp h u r  a n a lo g u e .  To remove any 
u n r e a c te d  s e le n iu m  b l a c k  s a l t ,  t h e  s o l u t i o n  was washed w i th  w a te r  (3  x 
50 ml) b e f o r e  e v a p o r a t i n g  to  d r y n e s s .  The w a sh ings  w ere  re d u c e d  to  
s o l i d  and r e r e a c t e d  w i th  e le m e n ta l  s e le n iu m ,  t h i s  p r o c e d u r e  was 
r e p e a t e d  t h r e e  t im e s .  As w i th  i t s  s u lp h u r  a n a lo g u e  t h e  s e le n iu m  
cubane  a n a lo g u e  form s b l a c k  p l a t e s ,  i n  47% y i e l d .  T . l . c .  b l a c k  s p o t ,  
R f= 0 ,8  i n  CHgClg on s i l i c a  g e l .  I . r .  s i n g l e  s h a rp  peak  1756 cm"^.
3 . 2 . 6  P r e p a r a t i on.of_Feg_(8 R)^ ( ^ \ ^ 0 ) R . M e . , P r ^ l
1 5In  a t y p i c a l  r e a c t i o n  Feg(SR)g(CO)g ( 1 .3  mmol) and Na[ NOg] 
(0 .5 0 g ,7 .In i ra o l )  were r e f l u x e d  i n  d ry  r e d i s t i l l e d  DMF (30  ml) f o r  30 
m in u te s  under  n i t r o g e n ,  and th e n  c o o le d  t o  100°C. Dry r e d i s t i l l e d  
t o l u e n e  was added ( 5 0 0  m l ) ,  c a u s in g  c o n v e r s io n  o f  g re e n  
[Fe(^^NO )g(SM e)g]” t o  r e d  Feg(SR)g(**^NO)^. T h is  m ix tu r e  was f i l t e r e d  
and th e  f i l t r a t e  e v a p o ra te d  t o  d r y n e s s ;  t h e  r e s i d u e  was d i s s o l v e d  i n  
CHgClg (40  ml) and t h e  s o l u t i o n  washed w i th  w a te r  (10  x 300 m l ) .  The 
o r g a n i c  f r a c t i o n  was d r i e d  o v e r  NagSO^, f i l t e r e d ,  and re d u c e d  t o  s m a l l  
vo lum e. The d a rk  r e d  p r o d u c t  was p r e c i p i t a t e d  by a d d i t i o n  o f  an  e q u a l  
volume o f  i c e - c o l d  m e th a n o l .  The r e s u l t i n g  compounds w ere  i d e n t i f i e d
— 47 ~
by c o m p a ra t iv e  n .m . r :  2 . 8p .p .m .  ( d o u b le t )  i n  CDCl^. I . r . : 1 7 7 5 ( w ) ,  
1740s ,  and 1718m cm” ^ . The a v e ra g e  y i e l d  f o r  t h i s  r e a c t i o n  was 25%.
3 . 2 . 7  The i n f r a ;
The 14NO. a b s o r p t i o n  f r e q u e n c i e s  have been  r e c o r d e d  f o r
Feg(SR)g(N O )^, [FeyXg(NO)y]” and Fe^X^(NO)^ (X=S,Se) by s e v e r a l
w o r k e r s ^ ^ A s  p a r t  o f  t h e  s tu d y  o f  t h e  a n a lo g u e s  o f  t h e s e
com plexes  t h e i r  i . r ,  s p e c t r a  w ere  r e c o r d e d  f o r  t h e  n i t r o s y l
s t r e t c h i n g  f r e q u e n c i e s  ( t a b l e  3 . 6 ) .  An i n c r e a s e  i n  t h e  mass o f  atom s
u n d e rg o in g  o s c i l l a t i o n  l e a d s  t o  a  d e c r e a s e  i n  t h e  o b se rv e d  f r e q u e n c y .
15The p o s i t i o n  o f  t h e  N bands  w ere  c a l c u l a t e d  by t r e a t i n g  th e  NO g ro u p
as  i s o l a t e d  from  t h e  r e s t  o f  t h e  complex by a p p ly in g  t h e  fo rm u la  f o r
2 5i s o t o p i c  s h i f t s  i n  d ia to m ic  m o le c u le s  ;
w here i s  t h e  a b s o r p t i o n  f re q u e n c y  and th e  r e d u c e d  m ass: t h e
15s u b s c r i p t  ’i ’ r e f e r r i n g  t o  t h e  N i s o t o p i c  s p e c i e s .
Table_3 ,.6  ; . I . r^ d a t a  f o r  th e _ J  *^N. and t h e. i s o t o P l c _ a b s o rP tiO D S_fo r
v ( N -  0 .) . 
Compound V) (^ \ - 0 ) / c m " * * V> (** V o / c r a ” *
Feg(SMe)g(NO)^ 1810W
1775s
1750m
1775W
1740s
1718m
[FeySg(NO)y]' 1790m 1755m
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1720s
1690m
1695s
1658m
[Fey8eg(N 0)y ] ' 1790m
1720s
1690m
1756m
1690s
1658m
Fe^S^(NO)^ 1790s 1756s
Fe^8e^(N 0)^ 1790s 1756s
The o b se rv e d  f r e q u e n c i e s  a g r e e  w e l l  w i th  th o s e  c a l c u l a t e d  from  t h e
v a l u e s ,  v a r i a t i o n s  b e in g  o f  t h e  same o r d e r  a s  t h o s e  o b s e rv e d  by
12 13 IQMcGinnis be tw een  th e  C and 0 a n a lo g u e s  o f  sodium  n i t r o p r u s s i d e  .
3 .3
3 . 3 . 1  H _ a n d _ ^ . s t u d v _ o f  Feg(XR)g(NO)^ (x  = 8 . S e ) .
1 13I n  t h i s  s e c t i o n  th e  r e s u l t s  o f  H and C n . m . r ,  s t u d i e s  o f  
Feg(XR)g(NO)^ a r e  r e p o r t e d ,  i n c l u d i n g  o b s e r v a t i o n  o f  s o lv e n t - i n d u c e d  
s h i f t  phenomena and t h e  s tu d y  o f  a  dynamic i n t r a m o l e c u l a r  
i s o m é r i s a t i o n  p r o c e s s .
T a b le  3 ,1  : S o lv e n t  dep en d en ce  o f  n,m ,, r ,  p a r a m e t e r s  o f  Fe2 (SMe) 2 (N0 )^
S o lv e n t fi' C ^ H )/p .p . in .^ Av/Hz IcZi AG*/kJ mol
T o lu e n e -d g 2 . 2 0 5 . 8 357 7 8 .3
Benzene-dg 2 .3 5 4 . 9 353 7 7 .9
CgHgCt ' 2 .4 2 3 .1 ' b
CgHgBr 2 .4 5 3 .2 b
CsHsI 2 .4 9 3 .3 b
CgDsNOa 2 .5 2 1 . 2 352 7 7 .0
0 -CgH^C&2 2 .6 0 4 . 0 b
P y r id i n e 2 . 7 2 ° ' ^ d
CC&2 =CC&2 2 .7 5 2 . 0 e
(CC&2=CCA)2 2 .7 6 2 . 0 e
CC&4 2 .7 6 2 . 0 e
CD2C&2 2 .7 7 1 . 2 339 7 8 .7  .
cydohexane-di2 2 .7 8 1 .7 344 7 8 .9
CDC&3 2 .8 3 1 . 6 e
CD3NO2 2 .8 3 f f
CD3CN 2 .8 9 1 .3 291 6 7 .0
CeFg 2 .9 2 f f
A cetone-dg 2 .9 2 1 . 2 284 6 5 .5
Dioxan-dg 2 .9 5 1 . 6 343 7 8 .8
THF-dg 3 ,0 2 1 , 0 330 7 7 - 0
DMSO-dg 3 ,3 1 ° '% g
DMF-dy 3.54°'h c h
F o o tn o te s  t o  T a b le  5 . 1
a /  Mean c h e m ic a l  s h i f t  o f  and  i s o m e r s ,  m e a su re d  a t  308 K. 
b /  • Not s t u d i e d ,
c /  B road , u n r e s o lv e d  a b s o r p t i o n ,
d /  M o n o -n u c lea r  com plex , [PeCN0 ) 2 C p y t i d i n e ) ] ’*' d e t e c t e d  by  e . p . r .  
s p e c t r o s c o p y ,
e /  No c o a l e s c e n c e  o b s e rv e d  even  a t  b o i l i n g  p o i n t  o f  s o l v e n t .
f /  No r e s o l u t i o n  o f  Av, even  a t  f r e e z i n g  p o i n t  o f  s o l v e n t .
g /  M ono-nuc lear  com plex , p r o b a b l y  [Fe(N0 ) 2 (SMe)(DMSO)], d e t e c t e d  by 
e . p . r .  s p e c t r o s c o p y ,
h /  At e l e v a t e d  t e m p e r a t u r e s  y i e l d s  t h e  m o n o -n u c le a r  com plexes  
[FeCSMe)(N0 ) 2 (DMF)] and [Fe (NO) 2 (DMF)2 ] (R e f ,  3 ) ,
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s p e c t r a  w ere  r e c o r d e d  f o r  F e g ( 8Me)g(N0 ) 2^ i n  tw e n ty - tw o  
s o l v e n t s  ( t a b l e  3*1)» F o r  s o l u t i o n s  i n  DMSO-d^, DMF-d^ and p y r i d i n e  
i t  was a p p a r e n t  t h a t  p a ra m a g n e t ic  s p e c i e s  w ere  p r e s e n t  whose
s t r u c t u r e s  a r e  d i s c u s s e d  i n  C h a p te r  4» S o l u t i o n s  i n  b e n z o n i t r i l e  and 
b e n z a ld e h y d e  c o n s i s t e n t l y  unde rw en t  m ajo r  d e c o m p o s i t io n s  t o  y i e l d  
MeS” . On f o u r  s e p a r a t e  a t t e m p t s  t o  p r e p a r e  a  s o l u t i o n  i n  m e th a n o l-d ^
th e  tu b e  e x p lo d e d ;  h ence  no a t t e m p t s  w ere  made to  r e c o r d  s p e c t r a  i n
o t h e r  a l c o h o l s .
1 'The H c h e m ic a l  s h i f t s  o b s e rv e d  can  be d i v id e d  i n t o  t h r e e
g r o u p s .  The f i r s t  o f  t h e s e  d e m o n s t r a te s  c h e m ic a l  s h i f t s  i n  t h e  r a n g e  
2 . 7 5  -  2 . 8 3  p .p .m .  and i s  composed o f  c h l o r i n a t e d  h y d ro c a rb o n s  and
c y c lo h e x a n e .  These a r e  a l l  low p o l a r i t y  s o l v e n t s  w i th  low 
p o l a r i z a b i l i t y  and t h e  s p e c t r a  o b t a i n e d  can be r e g a r d e d  a s  t h o s e  f o r  a  
s o l v e n t  u n c o o r d in a te d  t o  F e 2 ( 8 R)2 (N0 ) ^ .  These s o l v e n t s  a r e  term ed
' i n e r t  s o l v e n t s ,25
The second  g ro u p  o f  s o l v e n t s  d e m o n s t ra te  a  change  i n  t h e  p r o to n
c h e m ic a l  s h i f t s  t o  h ig h  f i e l d ,  i n  t h e  r a n g e  2 . 2  -  2 . 7  p .p .m .  ( e x c e p t
h e x a f lu o ro b e n z e n e  a t  2*92  p . p . r a . ) ,  t h e s e  a r e  composed o f  a r o m a t i c
s o l v e n t s  and d e m o n s t r a te  A r o m a t ic - S o lv e n t  In d u ce d  S h i f t s  (A S IS ) .
S in c e  i t s  d iscovery^*^ , ASIS h as  b een  t h e  s u b j e c t  o f  much
i n v e s t i g a t i o n .  However, t h e r e  i s  no g e n e r a l l y  a c c e p te d  i n t e r p r e t a t i o n
o f  t h i s  phenomenon. E x p l a n a t io n s  i n c l u d e  d i p o le - in d u c e d  d i p o l e  
27i n t e r a c t i o n s  , s p e c i f i c  s o l u t e - s o l v e n t  o r i e n t a t i o n s  t o  y i e l d  1:1
28 29com plexes  , dynamic 1 :n  com plexes and d i p o le - q u a d r u p o le
qni n t e r a c t i o n s ^  .
Compound
Fez(SMe)2(N0)^
F e z ( S E t ) 2 (NO) 4
Fc2(SPr )2(N0)<*
Fez(S Pr  jzCNO)^
FezCSBu ) 2 (N0 ) 4
Fe2(SCH2Ph)2(N0)3
T a b le  3 . 2 :N .m .r ,  .a s s ig n m e n ts  f o r  F e z (S R )2 (NO) 4
A G ^A J mol"* 
7 8 .3 (4 1
S o lv e n t  6 ( 1 # ) / p . p . m .
CDC&3
C6D5CD3
CDC&3
C6D5CD3
CDC&3
C6D5CH3
CDC&3
C6D5CD3
CDC&3
CeDgCDa
CDC&3
CçDsCDa
2 .8 3  
2 .1 6 ,  2 .2 3
1 .5 3 ,  1 .58  
3 .0 7 ,  3 .1 0  
1 .1 3 ,  1 .16
2 .5 3 ,  2 .6 3
1..11 
1 .9 6  
3 .0 2 ,  3 .0 5  
0 .8 4  
1 .6 1  
2 .6 4 ,  2 .6 8
1 .5 4 ,  1 .57  
3 .0 4 ,  3 .0 7
1 .2 6 ^
2 .6 9 ^
1.45
1 .2 3 °
4 .1 8 ,  4 .2 2  
7 .4 3  
3 .8 2 ,  3 .8 5  
7 .0 7
7 5 .6 ( 5 )
7 5 .8 ( 4 )
7 5 ,5 ( 5 )
5 9 .3 ( 6 )
7 6 .8 ( 5 )
A ssignm ent
CHs
CH3
CH3
CH2
CH3
CH2
. CHs
CHsCKzCHz
CHsCHgCWz
CII3
CH3CB2CH2
CHaCHzCay
CHs
CH
CII3
CH
CH3 
MesC 
CH3 
Me 3C
CHz
Ph
CHz
Ph
a .  D ata  a t  308 K, c h e m ic a l  s h i f t  i n  p .p .m .  from  Me48! .
b .  6 (1#) a t  253 K: 1 .2 3 ,  1 .2 7 ,  2 .4 7  p .p .m .
c .  No s p l i t t i n g  o b s e rv e d  even  a t  223 K.
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27The i n t e r p r e t a t i o n  b a sed  upon d ip o le - q u a d r u p o le  i n t e r a c t i o n s  , 
i n v o lv e s  a  t h e o r e t i c a l  a p p ro a c h  which depends  upon t h e  s o l u t e  
p o s s e s s i n g  a  pe rm anen t  d i p o l e  moment* T h is  pe rm anen t  d i p o l e  i s  
p o s t u l a t e d  to  in d u c e  th e  s o l u t e - s o l v e n t  i n t e r a c t i o n  l e a d i n g  t o  ASIS, 
and h e n c e ,  i f  a  pe rm anen t  d i p o le  i s  a b s e n t ,  ASIS w i l l  n o t  o c c u r .  
Fe^tSMeïgCNOly  ^ e x i s t s  a s  a  dynamic e q u im o la r  m ix tu re  o f  and
c o n f o r m a t io n a l  i so m e rs  i n  s o l u t i o n  ( s e e  b e lo w ) .  The i so m e r
p o s s e s s e s  a  d i p o l e  moment, how ever, t h e  c o n fo rm a t io n  p o s s e s s e s  
g e n u in e  symmetry and t h e r e f o r e  c a n n o t  p o s s e s s  a  pe rm anen t  d i p o le
moment. Com parison o f  t h e  c h e m ica l  s h i f t s  f o r  t h e  two iso m e rs  ( t a b l e
3 .1 )  shows them b o th  t o  d e m o n s t r a te  s i m i l a r  ASIS. T h is  i s  a l s o  t r u e  
f o r  o t h e r  a l k y l  s u b s t i t u t e d  i so m e rs  o f  Fe2 (SR)2 (N0 )^  i n  t o lu e n e  ( t a b l e
3 .2 )  and f o r  F e2 (SeMe)2 (N0 )^  ( t a b l e  3 . 3 ) .  These r e s u l t s  th u s  q u e s t i o n  
t h e  v a l i d i t y  o f  t h i s  p a r t i c u l a r  e x p l a n a t i o n  o f  ASIS.
The o b se rv e d  d i r e c t i o n  o f  s h i f t  o f  t h e  c h e m ic a l  s h i f t s  by ASIS
t o  h ig h  f i e l d  i n  c o m p a r iso n  w i th  ' i n e r t  s o l v e n t s '  i s  i n  t h e  same
1 31d i r e c t i o n  as  t h a t  o b se rv e d  f o r  H r e s o n a n c e s  i n  o r g a n ic  m o le c u le s  ,
The m agn itude  o f  t h i s  s h i f t  v a r i e s  be tw een  d i f f e r e n t  a ro m a t ic
s o l v e n t s .  The in d u ce d  s h i f t  o f  benzene  i s  l e s s  t h a n  t h a t  o b se rv e d  i n
t o lu e n e  by 0 .1 5  p . p . m . .  I t  h a s  been  shown t h a t  t o lu e n e  i s  a b e t t e r
32e l e c t r o n  donor th a n  ben zen e  , w h i l s t  h a lo g e n  s u b s t i t u t e d  b e n z e n e s  a r e
33l e s s  e f f i c i e n t  d o n o r s ^ ^ .  T h is  i s  due t o  t h e  r e l a t i v e
e l e c t r o n e g a t i v i t i e s  o f  t h e  r i n g  s u b s t i t u e n t s  i n  c om par ison  t o  
34hydrogen^  , S u b s t i t u t e d  a l k y l  g ro u p s  a r e  e l e c t r o n  d o n a t i n g ,  w h i l s t  
g ro u p s  such  a s  h a lo g e n s  a r e  e l e c t r o n  w i t h d r a w i n g ^ H e n c e ,  t h e  
more e l e c t r o n  w i th d ra w in g  s u b s t i t u e n t s  on t h e  ben zen e  r i n g  t h e  w eaker
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t h e  i n t e r a c t i o n  and o b s e rv e d  s h i f t s .  The ASIS l i s t e d  i n  t a b l e  3 ,1  f o r  
s u b s t i t u t e d  b e n z en e s  i s  e n t i r e l y  c o n s i s t e n t  w i th  t h e i r  a c t i n g  a s  
e l e c t r o n  d o n e rs  o r  a c c e p t o r s  to w a rd s  t h e  s o l u t e  FegCSMeï^CNO)^.
1 13I n  t a b l e  3 .2  t h e  r e s u l t s  o f  a  H and a  C n . m . r .  s tu d y  o f
FegCSRÏgCNO)^ (R=Me, E t ,  P r " ,  P r ^ ,  Bu^ and PhCH^) i n  b o th  CDCl and
to lu e n e - d g  a r e  l i s t e d .  The c h e m ic a l  s h i f t s  show a  s i g n i f i c a n t
s h i f t  t o  h ig h  f i e l d  on c h an g in g  from  CDCl^ t o  t o lu e n e - d g ,  b u t  t h e
13c o r r e s p o n d in g  s o l v e n t  in d u ce d  s h i f t  i n  t h e  C r e s o n a n c e s  a p p e a r s  
m odest i n  c o m p a r iso n .
The m ag n i tu d e s  o f  t h e  o b s e rv e d  ASIS i n  t h e  s p e c t r a  a r e
d e p e n d e n t  on b o th  t h e  a l k y l  c h a in  l e n g t h  and a l s o  t h e  p o s i t i o n  on th e
c h a in  i t s e l f .  The s o l v e n t  in d u ce d  s h i f t  f o r  t h e  m eth y l  d e r i v a t i v e  i s
c a . 0 .6  p . p . m . ,  w h i l s t  f o r  t h e  e t h y l  d e r i v a t i v e  i s  £â.. 0 .4  p .p .m .
f o r  t h e  m e th y l  p r o to n s  and o a . 0 . 5  p .p . r a .  f o r  th e  m e th y le n e
p r o t o n s .  E x te n s io n  o f  t h e  c h a in  l e n g t h  by a  second  m e th y le n e  g ro u p ,
fo rm ing  t h e  n - p r o p y l  a n a lo g u e  a g a in  c a u s e s  a  d e c r e a s e  i n  t h e  s o l v e n t
in d u ce d  s h i f t s  o b s e rv e d .  As i n  t h e  e t h y l  d e r i v a t i v e ,  t h e  m agn itude  o f
t h e  ASIS i s  g r e a t e s t  f o r  t h e  S -m e th y le n e  p r o to n s  c a . 0 .3 8  p . p . m , . The
m eth y le n e  p r o to n s  o f  t h e  Me-£. c a rb o n  d e m o n s t r a te  ASIS c a . 0 .3 5
p .p .m .  and t h e  m e th y l  p r o to n s  o a . 0 ,27  p . p . m . .  T h is  t r e n d  o f
d e c r e a s in g  s h i f t s  a p p e a r s  t o  be a c h a r a c t e r i s t i c  o f  t h i s  ty p e  o f
compound s i n c e  we have o b se rv e d  a  s i m i l a r  e f f e c t  i n  t h e  i s o e l e c t r o n i c
13c a rb o n y l  a n a lo g u e s  ( c f .  a p p e n d ix  2 ) ,  I n  t h e  C n . m . r .  s p e c t r a  f o r  
t h e  m e th y l  and e t h y l  d e r i v a t i v e s  o f  FegCSRjgCNO)^ t h e  c o r r e s p o n d in g  
s h i f t s  a r e  c&_. 0 . 3 0 , 0 ,1 5  and 0 .0 5  p .p .m ,  r e s p e c t i v e l y ,  th e
m agn itu de  o f  t h e s e  s o l v e n t  s h i f t s  b e in g  r e l a t i v e l y  m odest  i n
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co m p a r iso n  w i th  th o s e  o b s e rv e d  i n  t h e  s p e c t r a .  An e x a m in a t io n  o f
13FegCSMeïgCNO)^ by C n . m . r .  s p e c t r o s c o p y  i n  v a r i o u s  s o l v e n t  was 
a t t e m p te d .  T h is  s tu d y  was g r e a t l y  hampered by th e  low s o l u b i l i t y  o f
th e  s o l u t e  i n  t h e  m a j o r i t y  o f  s o l v e n t s  exam ined . However, t h e  
o b se rv e d  s h i f t s  w ere  fo u n d ,  a s  w i th  t o l u e n e ,  t o  be m odest  when 
compared t o  th o s e  o b s e rv e d  i n  t h e  p r o to n  s p e c t r a .
The r e s u l t s  o f  t h i s  s tu d y  a r e  q u a l i t a t i v e l y  c o n s i s t e n t  
e x p l a n a t i o n s  f o r  th e  ASIS phenomenon b a sed  upon e i t h e r  1:1 
c h a r g e - t r a n s f e r  com plexes o r  1 :n  dynamic co m p lex es ,  b u t  a r e  n o t  
c o n s i s t e n t  w i th  m odels  b ased  upon t h e  e x i s t e n c e  o f  a  pe rm anen t  d i p o l e  
moment i n  t h e  s o l u t e .
The t h i r d  g ro u p  o f  s o l v e n t s  d e m o n s t r a te  a  s h i f t  i n  t h e  ^H
c h e m ic a l  s h i f t  t o  low f i e l d ,  i n  t h e  ra n g e  2 ,8  -  3 . 0  p . p . m . .  These
(w i th  t h e  e x c e p t io n  o f  h e x a f lu o ro b e n z e n e )  a r e  s t r o n g l y  p o l a r  and 
s t r o n g l y  e l e c t r o n - d o n a t i n g  s o l v e n t s .  A l l  t h e  s o l v e n t s  i n  t h i s  g ro u p  
a r e  n o n - p r o t o n ic ,  n o n - p o l y c h l o r i n a t e d  a l i p h a t i c  s o l v e n t s  which p o s s e s s  
a  s i n g l e  dom inan t  bond d i p o l e  and as  such  conform  t o  T a f t ' s  c r i t e r i a  
f o r  ' s e l e c t  s o l v e n t s S e v e r a l  q u a n t i t a t i v e  s c a l e s  o f  s o l v e n t  
p r o p e r t i e s  have  been  d e r iv e d  f o r  t h i s  e f f e c t ,  t h e s e  i n c l u d e  m ea su res
o f  s o l v e n t  a c i d i t y ^ ^ ,  o r  b a s i c i t y ^ ^ ,  o r  d i p o l a r i t y ^ ^ ,  o r  a c c e p t o r
43 44number , o r  even  t h e  'c h r o m a to g r a p h ic  s t r e n g t h '  . A l l  t h e s e
q u a n t i t a t i v e  s c a l e s  a r e  l i n e a r  w i th  T a f t ' s  s o lv a to c h ro m ie  p a ra m e te r
i f  37 -39  and a s  su c h  a r e  t h e r e f o r e  m ea su res  o f  t h e  s o l v e n t
45d i p o l a r i t y / p o l a r i z a b i l i t y  r a t h e r  th a n  any a c i d / b a s e  phenomena . The 
^H c h e m ic a l  s h i f t s  l i s t e d  i n  t a b l e  3 .1  c o r r e l a t e  r e a s o n a b ly  w e l l  w i th  
ÎÏ*  f o r  t h e  g ro u p  o f  s o l v e n t s  exam ined . The c h e m ic a l  s h i f t s  o b s e rv e d
Table 3 .3 ;so lven t dependence o f  .n.m.r, parameters o f  FeaCSeMe) 2CNO) «+
S o lv e n t  ■ fi‘ C ^ H )/p .p .m . Av/Hz
T o lu en e-d g  2 .2 0  7 .2
Benzene-dg 2 .3 8  6 .4
CDC&3 2 .8 3  ’ 3 .4
CD2C&2 2 ,8 4  3 .2
A cetone-dg  2 .9 5  1 .7
DMSO-dg 3 .3 5  b
a /  Mean c h e m ica l  s h i f t  o f  C2 Ji and  € 2 ^ i s o m e r s ,  m ea su red  a t  308 K.
b /  No r e s o l u t i o n  o f  Av, even a t  f r e e z i n g  p o i n t  o f  s o lv e n t *
p a ra m a g n e t ic  m o n o -n u c le a r  com plex , p r o b a b l y  [Fe(NO)2 CSeMe)(DMSO)] ,  
d e t e c t e d  b y  e . p . r .  s p e c t r o s c o p y .
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f o r  t h i s  g ro u p  o f  s o l v e n t s  can  t h e r e f o r e  be assumed t o  be due t o  
p r o p e r t i e s  i n t r i n s i c  t o  t h e  s o l v e n t s  th e m s e lv e s  and do n o t  n e c e s s a r i l y  
depend upon any d o n o r - a c c e p t o r  i n t e r a c t i o n s  b e tw een  t h e  s o l u t e  and 
s o l v e n t ^ ^ .
I n  c o n ju n c t io n  w i th  t h i s  s t u d y ,  n . m . r .  s p e c t r a  w ere  r e c o r d e d  
f o r  Fe2 (SeMe)^(N0 )^  i n  a  v e ry  l i m i t e d  r a n g e  o f  s o l v e n t s  ( t a b l e  3 . 3 )* 
The c h e m ica l  s h i f t s  o b t a in e d  a r e  l i t t l e  d i f f e r e n t  from  t h o s e  o b s e rv e d  
f o r  t h e  s u lp h u r  a n a lo g u e .  However, t h e  m agn itude  o f  t h e  iso m e r  s h i f t s  
r e c o r d e d  f o r  t h e  s e le n iu m  a n a lo g u e  a r e  be tw een  0 .5  and 2 ,0  Hz 
l a r g e r .
X-Ray s t r u c t u r a l  a n a l y s i s  o f  Fe^fSEtjgCNO)^ h a s  shown t h e
compound t o  e x i s t  a s  a  s i n g l e  s t r u c t u r a l  c o n fo rm e r^ ,  t h a t  o f  0 ^^
( f i g ,  3 .1 )  i n  t h e  s o l i d  s t a t e .  I n  t h i s  c o n fo rm a t io n  t h e  m e th y l  e s t e r
Fe2 ( 8Me)2 (N0 )y p o s s e s s e s  b o th  a s i n g l e  p r o to n  and c a rb o n  e n v iro n m e n t
and hence  i f  t h i s  s i n g l e  c o n fo r m a t io n  i s  r e t a i n e d  on d i s s o l u t i o n  a
1 13s i n g l e  peak would be o b se rv e d  i n  b o th  t h e  H and 0 n . m . r ,  s p e c t r a .
However, a t  a m b ie n t  s p e c t r o m e te r  t e m p e r a tu r e  (308 K ), a  1:1 d o u b l e t  i s
1 13o b se rv e d  i n  t h e  m a j o r i t y  o f  s o l v e n t s  exam ined , b o th  i n  t h e  H and '^C 
n . m . r ,  • s p e c t r a ,  t a b l e s  3*1 and 3 , 2 ,  T h is  o b s e r v a t i o n  a g r e e s  w i th  
t h a t  o f  R a u c h fu ss  and W e a t h e r i l l  who a s c r i b e d  t h i s  o b s e r v a t i o n  t o  t h e  
c o e x i s t e n c e  o f  b o th  t h e  and t h e  ( f i g ,  3 . 1 ) co n fo rm ers  i n
s o l u t i o n .
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( F i s c h e r  p r o j e c t i o n  a lo n g  Fe-Fe bond)
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FegfSRjgCCO)^; i s o e l e c t r o n i c  w i th  FegfSRjgCNO)^ e x i s t s  a s  two 
o h ro ra a to g r a p h io a l ly  i s o l a b l e  c o n f o r m a t io n a l  i s o m e r s ^ ^ '^ ^  ( f i g .  3 . 2 ) ,  
S o l u t i o n  p h a se  e x a m in a t io n  o f  t h e  i s o l a t e d  i s o m e rs  has  shown them t o  
be r e a d i l y  i n t e r c o n v e r t i b l e  . The r a t e  o f  c o n v e r s io n  b e in g  d e p e n d e n t  
on b o th  t e m p e r a tu r e  and t h e  d e g re e  o f  s u b s t i t u t i o n  o f  t h e  C-S c a rb o n  
o f  t h e  a l k y l  c h a in .  The g r e a t e r  t h e  d e g re e  o f  s u b s t i t u t i o n  t h e  f a s t e r  
t h e  r a t e  o f  i n t e r c o n v e r s i o n ,  in d e e d  th e  t - b u t y l  a n a lo g u e  h a s  been  
d e m o n s t ra te d  t o  be f l u x i o n a l  on th e  n , r a , r ,  t im e  s c a l e .  The p r o c e s s  
o f  i s o m é r i s a t i o n  i n  t h e s e  a l k y l  e s t e r s  o f  FegfSRj^CCO)^ i s  by th e  
r e l a t i v e l y  'common p r o c e s s  i n  c h a lc o g e n  s u b s t i t u t e d  c l u s t e r  compounds 
o f  t o r s i o n  b a r r i e r  in v e r s io n ^ ® .
The two e n v iro n m e n ts  o b s e rv e d  i n  t h e  n . m . r .  s p e c t r a  o f  
FegfSMeïgCNO)^ and i t s  a l k y l  a n a lo g u e s  have  b een  a s c r i b e d  t o  t h e  
m u tua l  c o e x i s t e n c e  o f  b o th  t h e  and i s o m e rs  i n  s o l u t i o n ^ .
E x a m in a tio n  o f  t h e  s t r u c t u r e  o f  t h e  iso m e r  o f  Fe2(SMe>2(N0)^ shows 
i t  t o  p o s s e s s  l i k e  t h e  iso m e r  a  s i n g l e  p r o to n  and c a rb o n
e n v iro n m e n t .  The e n v iro n m e n t  o f  t h e s e  a l k y l  l i g a n d s  i n  t h e  two
co n fo rm ers  a r e  s l i g h t l y  d i f f e r e n t  and hence  s h o u ld  d e m o n s t r a te
d i f f e r e n t  c h e m ic a l  s h i f t s .  I n  t h e  i s o e l e c t r o n i c  c a rb o n y l  a n a lo g u e s ,
iso m e r  s h i f t s  o f  up t o  0 .5 0  and 13 .3  p .p .m .  have  been  o b se rv e d  i n  t h e
1 1 3  20H and C n . m . r ,  s p e c t r a  r e s p e c t i v e l y  . These i so m e r  s h i f t s  a r e
much l a r g e r  th a n  t h e  s h i f t s  o b s e rv e d  f o r  Fe„(S R )_(N O )„ . T h is  s u g g e s t s2 c 4
t h a t  t h e  d i f f e r e n c e  be tw een  t h e  two e n v iro n m e n ts  o f  t h e  a l k y l  g ro u p s
i n  t h e  n i t r o s y l  com plexes  i s  l e s s  th a n  t h a t  i n  t h e  c a r b o n y l s .  The
il gFe^Sg r i n g  i n  t h e  c a rb o n y l  com plexes  i s  puck e red  , w hereas  i n  t h e
n i t r o s y l  i t  i s  a  p l a n a r  rhom bus^ . The s u lp h u r  atoms i n  t h e  n i t r o s y l s
Table 3 ,^. N.m.r,  .assignments for  Fea (SR)2 (NO) 4'
C o m p o u n d S o l v e n t à C  * C ) / p . p . m , • A s s i g n m e n t
F c 2 ( S M e ) 2 ( N 0)4 C D C&3 2 7 . 4 5 C H 3
C 6D 5C D 3 2 6 . 9 5 ,  2 7 . 1 8 C H 3
F e 2 ( S E t ) % ( N 0)4 C D C&3 1 9 . 1 4 CHa
3 9 . 4 5 ,  4 0 . 1 5 C H2
C s D s C D s 1 8 . 9 8 C H 3
3 9 . 4 9 ,  4 0 . 1 9 C H 2
n e 2 ( S P r ” ) 2 ( N 0 ) ^ C D C&3 1 3 . 1 1 . C I I3
2 7 . 3 3 C H a C K g C H z
4 7 . 3 3 ,  4 7 . 6 6 C H 3C H2C//2
C c D s C H a 1 2 . 9 3 C H 3
2 7 . 5 0 C H 3O T2C H2
4 7 , 4 8 ,  4 7 . 9 1 CHzClhCHz
F e z ( S P r ^ ) 2 ( N 0 ) s C D C&3 2 7 . 6 4 C H3
4 9 . 7 0 ,  5 0 , 6 3 CH
C 6D 5C D 3 2 7 . 4 7 C H 3
4 9 . 9 4 ,  5 0 . 9 2 CH
F o 2 ( S B u * ) 2 ( N 0 )% C D C&3 3 4 . 1 4 C H 3
5 2 . 9 5 M e  3 (7
C 6D 5C D 3 3 3 . 9 6  1 C H 3
5 7 . 0 5 M e a C
F o 2 ( S C H 2 P h ) 2 ( N O ) 3 C D C&3 4 8 . 6 3 ,  4 9 . 3 7 C H j
1 2 8 . 2 ,  1 2 9 . 1 P h
C 6D 5C D 3 d C H2
•
d P h
a .  D a t a  a t 3 0 8  K ,  c h e m i c a l s h i f t  i n  p . p . m . f r o m  M e t , S i .
d .  N o t  s t u d i e d .
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a r e  hence  f u r t h e r  a p a r t  th a n  i n  t h e  c a rb o n y l s  and i t  would seem 
r e a s o n a b le  t h a t  t h e  S - a l k y l  g ro u p s  would have  l e s s  e f f e c t  on each  
o t h e r .
Fe^S^ r i n g  f i s s i o n  can  be d i s r e g a r d e d  as a  p o s s i b i l i t y  f o r  t h e  
e x i s t e n c e  o f  t h e  two e n v iro n m e n ts  g e n e r a te d  i n  t h e  s o l u t i o n  p h a se  
s i n c e  t h e  i n d i v i d u a l  i r o n  atoms p o s s e s s  fo rm a l  o x i d a t i o n  s t a t e s  o f  
- l ( d ^ )  w i th  one  u n p a i r e d  e l e c t r o n ^ .  The n i t r o s y l  com p lexes ,  l i k e
th o s e  o f  t h e  c a r b o n y l s ,  a r e  d ia m a g n e t ic  due t o  t h e  e x i s t e n c e  o f  an 
F e -F e  b o n d ^ '^ ^ '^ ^ .  I f  a  rao n o m e risa t io n  p r o c e s s  w ere  t o  o c c u r ,  th e n  
t h e  r e s u l t a n t  m ix tu re  would be o b se rv e d  t o  be p a ra m a g n e t ic .  S o l u t i o n  
p hase  e x a m in a t io n  o f  FegCSMeïgfNO)^ i n  t o l u e n e ,  c h lo ro fo rm  and THF, 
u n l i k e  t h o s e  i n  DMF, DM80 and p y r i d i n e ,  y i e l d e d  no d e t e c t a b l e
p a ra m a g n e t ic  s p e c i e s  by e . p . r ,  s p e c t r o s c o p y  ( c f .  c h a p t e r  4 ) ,  Thus
f i s s i o n  o f  t h e  Fe^Sg r i n g  t o  y i e l d  p a ra m a g n e t ic  com plexes can  be 
d i s r e g a r d e d  as  a  r e a s o n  f o r  t h e  g e n e r a t i o n  o f  more th a n  one p r o to n  and 
c a rb o n  e n v iro n m e n t  f o r  Fe2(8M e)2(N 0)^  i n  t h e s e  s o l u t i o n s .  L ik e w ise  a 
d i s p l a c e m e n t  o f  RS” from th e  Fe^S^ r i n g  i s  u n l i k e l y  s i n c e  t h e
r e s u l t i n g  peaks  i n  t h e  s p e c t r a  would be t o  h ig h  f i e l d  o f  th o s e  
o b s e rv e d .
1V a r ia b l e  t e m p e r a tu r e  ( V ,T , ) H n .m . r ,  s p e c t r a  were r e c o r d e d  f o r  
F e2(8R )2(N 0)^  (R = Me, E t ,  P r ^ ,  P r^ ,  Bu^ and PhCH^) i n  t o lu e n e - d g  
( t a b l e  3 . 2 ) ,  F o r  a l l  o f  t h e s e  e x c e p t  t h e  t - b u t y l  a n a lo g u e ,  s p e c t r a  
w ere  o b t a in e d  a t  low te m p e r a tu r e s  c o n s i s t e n t  w i th  t h e  e x i s t e n c e  o f  
two i s o m e r i c  fo rm s .  On r a i s i n g  t h e  t e m p e r a tu r e  t h e  o b se rv e d  s p e c t r a  
w ere  r e p l a c e d  w i th  th o s e  c o n s i s t e n t  w i th  t h e  e x i s t e n c e  o f  a  s i n g l e  
i s o m e r i c  fo rm . T h is  p r o c e s s  was r e v e r s e d  on r e d u c in g  th e  t e m p e r a t u r e ,
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t h e  o r i g i n a l  s p e c t r a  b e in g  r e g a i n e d  unchanged . These o b s e r v a t i o n s
a g r e e  w i th  t h e  e x i s t e n c e  o f  a  i s o m é r i s a t i o n  p r o c e s s  f o r  t h e
m e th y l ,  e t h y l ,  n - p r o p y l ,  i - p r o p y l ,  and b e n z y l  a n a lo g u e s .  At low 
te m p e r a tu r e s  b o th  i so m e rs  can be d e t e c t e d  b u t ,  a s  t h e  t e m p e r a tu r e  i s  
i n c r e a s e d ,  t h e  r a t e  o f  i s o m é r i s a t i o n  s u r p a s s e s  t h a t  o f  d e t e c t i o n  f o r  
t h e  i n d i v i d u a l  i s o m e r i c  fo rm s ,  r e s u l t i n g  i n  t h e  o b s e r v a t i o n  o f  
a v e ra g e d  s p e c t r a .
The a c t i v a t i o n  e n e r g i e s  A were c a l c u l a t e d  by t h e  a p p ro x im a te  
method g iv e n  by Abraham and L o f tu s^ ^  from  t h e  i so m e r  s h i f t  6  v and 
T^, The r e s u l t s  o f  t h e s e  e n e rg y  b a r r i e r  c a l c u l a t i o n s  f o r  t h e  
i s o m é r i s a t i o n  p r o c e s s  a r e  l i s t e d  i n  t a b l e  3 . 2 .  Com parison o f  t h e  
a c t i v a t i o n  e n e rg y  (AG"^) f o r  t h e  i s o m é r i s a t i o n  p r o c e s s  show t h a t  an 
i n c r e a s e  i n  t h e  d e g re e  o f  s u b s t i t u t i o n  on th e  C-S c a rb o n  r e s u l t s  i n  a 
d e c r e a s e  i n  t h e  e n e rg y  r e q u i r e d  f o r  t h e  i s o m é r i s a t i o n  p r o c e s s ,  t h i s  i s
h’7c o n s i s t e n t  w i th  t h a t  o b se rv e d  f o r  t h e  c a rb o n y l  a n a lo g u e s
T urn ing  t o  t h e  d e t a i l s  o f  t h e  e n e r g i e s  l i s t e d  i n  t a b l e  3 . 2 .  
R ep lacem en t o f  one hyd rogen  i n  t h e  m e th y l  compound by an a l k y l  g ro u p
to  g iv e  e i t h e r  t h e  e t h y l  o r  t h e  n - p r o p y l  d e r i v a t i v e  c a u s e s  a  d e c r e a s e
. -1i n  A G o f  a b o u t  2 .5  KJ mol . R ep lacem en t  o f  a  second  h yd rogen  t o
g iv e  t h e  i - p r o p y l  compound c a u s e s  a  d e c r e a s e  by a f u r t h e r  17 KJ 
mol"'**. R ep lacem en t  o f  t h e  t h i r d  hydrogen  t o  y i e l d  t h e  t - b u t y l  e s t e r  
r e s u l t e d  i n  t h e  d e t e c t i o n  o f  no r e s o l v a b l e  s p l i t t i n g  even  a t  223 K. 
T h is  may be t h e  con seq u en ce  o f  e i t h e r  t h e  e x i s t e n c e  o f  o n ly  t h e  
i so m e r  i n  s o l u t i o n  due t o  s t e r i c  e f f e c t s  o r  b e c a u s e  t h e  a c t i v a t i o n  
e n e rg y  i s  l e s s  th a n  t h a t  d e t e c t a b l e  (due t o  t h e  f r e e z i n g  o f  t h e  
s o l v e n t ) . I f  b o th  i s o m e rs  e x i s t  i n  s o l u t i o n ,  t h e n  f o r  r e a s o n a b le
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v a lu e s  o f  AV, an u p p e r  l i m i t  f o r  AG* o f  a b o u t  50 KJ mol~^ may be 
a s s i g n e d .
For t h e  e t h y l  e s t e r  t h e  v a lu e s  f o r  ÙV v a r i e s  from  c a . 2 ,0  Hz 
f o r  t h e  m ethy l  t o  o a . 6 .9  Hz f o r  t h e  m ethy lene  p r o t o n s .  F o r  b o th  
s e t s  o f  p r o t o n s ,  d i s t i n c t  v a lu e s  f o r  w ere  d e te rm in e d  which e n a b le d  
th e  c a l c u l a t i o n  o f  AG a t  two d i f f e r e n t  t e m p e r a t u r e s .  The v a r i a t i o n  
o f  AG* w i th  t e m p e r a tu r e  d e pends  on changes  i n  e n t r o p y  &8* GiAG/%T = -  
A 8) .  The e n t r o p i e s  o f  t h e  two iso m e rs  m ust be v e ry  s i m i l a r  and 
a l th o u g h  th e  n a t u r e  o f  t h e  t r a n s i t i o n  s t a t e  i s  n o t  known i t  i s  v e ry  
u n l i k e l y  t h a t  i t s  e n t r o p y  w i l l  be  g r e a t l y  d i f f e r e n t .  Hence A s*  w i l l  
be v e ry  s m a l l  and AG* s h o u ld  be r e l a t i v e l y  t e m p e r a t u r e  in d e p e n d e n t .  
T h is  i s  v e r i f i e d  by t h e  c a l c u l a t e d  AG* v a lu e s  f o r  t h e  e t h y l  a n a lo g u e  
which rem a in  i d e n t i c a l  w i t h i n  e x p e r im e n ta l  e r r o r  o v e r  a  16 K 
te m p e r a tu r e  v a r i a t i o n .
FegCaMejgCNO)^ was examined by V.T. ^H n . m . r .  i n  a  l i m i t e d  
number o f  s o l v e n t s ( t a b l e  3 * 1 ) .  These i n c lu d e d  exam ples  from each  o f  
t h e  t h r e e  g ro u p s  o f  s o l v e n t s  d e s c r i b e d  e a r l i e r ,  T^ f o r  t h e  ^ 2 ^ ^ ^ 2 h  
e q u i l i b r i u m  f o r  s o l u t i o n s  i n  t o l u e n e - d g ,  b e n z e n e -d g ,  n i t r o b e n z e n e - d ^ ,  
CDgClg, c y c lo h e x a n e -d ^ g ,  CD^CN, a c e to n e - d g ,  d io x a n -d g  and THF-dg were 
c a l c u l a t e d  from which v a lu e s  o f  AG* were d e te rm in e d  ( t a b l e  3 . 1 ) .  
V alues  o f  AG* f o r  t h e s e  s o l v e n t s ,  e x c e p t  f o r  CD^CN and a c e to n e -d g  a r e  
e s s e n t i a l l y  i d e n t i c a l  w i th  a  v a lu e  o f  78+1 KJ m o l"^ ,  and can  be t a k e n
a s  c o n s t a n t  and th u s  in d e p e n d e n t  o f  s o l v e n t .  I n  b o th  CD^CN and
a c e to n e -d g  th e  v a lu e  o f  AG* i s  11-13 KJ mol”  ^ l o w e r .  The e x i s t e n c e  o f
a  s o l v e n t - s o l u t e  i n t e r a c t i o n  i s  a p p a r e n t  i n  t h e s e  two s o l u t i o n s  w hich  
r e s u l t s  i n  a  s i g n i f i c a n t  r e d u c t i o n  i n  t h e  e n e rg y  r e q u i r e d  f o r  t h e
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t o r s i o n  b a r r i e r  i n v e r s i o n .  E . p . r .  e x a m in a t io n  o f  f r e s h l y  p r e p a r e d
s o l u t i o n s  i n  e i t h e r  CD_CN o r  a o e to n e -d ^  showed no e v id e n c e  f o r  t h e3 o
p r e s e n c e  o f  p a ra m a g n e t ic  s p e c i e s .
I n  c o n ju n c t io n  w i th  t h i s  V.T. n . m . r .  e x a m in a t io n  o f
FegCSMejgCNO)^ t h e  s e le n iu m  a n a lo g u e  was exam ined  i n  t o l u e n e - d g ,
b e n z e n e -d g ,  CDCl^, CD^Cl^, a c e to n e -d g  and DMSO-dg. I n  a l l  s o l v e n t s
o t h e r  th a n  DMSO no c o a le s c e n c e  was o b s e rv e d  a t  t e m p e r a t u r e s  up t o ,  o r  
in d e e d  somewhat ab o v e ,  t h e  b o i l i n g  p o i n t s  o f  t h e  s o l v e n t s .  F o r  
FegCSMeïgCNO)^ t h e  v a lu e  f o r  AG* was e s s e n t i a l l y  c o n s t a n t  a t  78  KJ
mol“  ^ w h e th e r  t h e  s o l v e n t  was b e n z e n e ,  t o lu e n e  o r  CD^Cl^: assum ing
t h a t  t h i s  c o n s ta n c y  i s  t r u e  a l s o  f o r  t h e  s e le n iu m  a n a lo g u e ,  t h e n  a 
lo w e r  l i m i t  f o r  t h e  A G * f o r  t h e  ^gh ^2v e q u i l i b r i u m  i n
FegfSeM e)^^^^)^  i s  e s t i m a t e d  t o  be a t  l e a s t  86 KJ m ol~^. T h is  i s  
n o t a b l y  h i g h e r  th a n  t h a t  o b s e rv e d  f o r  t h e  s u lp h u r  a n a lo g u e .
3 . 3 . 2  l ^ L i L t l i J L ____
I  Fjg.j^X3X.NPl.p1I-I.,K
The N n . m . r .  s p e c t r a  r e c o r d e d  f o r  FegXSMejgCNO)^ and 
F e2 (S P r^ )2 (N 0 )^  ( i n  t o l u e n e  a t  a m b ie n t  s p e c t r o m e te r  t e m p e r a t u r e : 3 O8K) 
showed th e  p r e s e n c e  o f  an i n t e n s e  s i n g l e t  and a  p a i r  o f  d o u b l e t s  
( t a b l e  3 . 5 ;  f i g .  3 . 3 ) .  The i n t e n s e  s i n g l e t  can  be a s s ig n e d  t o  t h e  
con fo rm er  and th e  p a i r  o f  d o u b l e t s  t o  t h e  c o n fo rm e r .  I n  t h e  
c o n fo rm a t io n  a l l  o f  t h e  n i t r o s y l s  l i g a n d s  a r e  e q u i v a l e n t .  T h is  i s
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n o t  so  f o r  t h e  c o n fo rm e r ,  w here  a l th o u g h  t h e  two a l k y l  g ro u p s  and 
th e  two i r o n  atoms a r e  e q u i v a l e n t ,  t h e  two n i t r o s y l s  i n  each  FeCNO)^ 
f ra g m e n t  a r e  n o n - e q u i v a l e n t ,  Homonuclear s p i n - s p i n  c o u p l in g  
^^NPe^^N) be tw een  th e  two n u c l e i  r e s u l t s  i n  t h e  o b s e r v a t i o n  o f  
an  AX s p e c tru m  ( lo n g  ra n g e  ^J.(  ^^NI^eFe^ ^N) was n o t  d e t e c t e d ) .  
I n t e r g r a t i o n  o f  t h e  sp e c t ru m  f o r  b o th  F e 2 ( 8 P r ^ ) 2 (N0 )^  and 
Fe2 (SMe)2 (N0 )^  showed t h e  p r e s e n c e  o f  an e q u im o la r  m ix tu re  o f  t h e  two
1 19c o n fo rm e ra ,  t h i s  i s  c o n s i s t e n t  w i th  H and •^ C e v id e n c e .
1 1QI n  th e  H and C n . m . r .  s e c t i o n  above a s tu d y  o f  t h e  ^ g l T ^ ^ P v
i s o m é r i s a t i o n  p r o c e s s  by V.T, n . m . r .  i s  r e p o r t e d .  As w i th  t h e
13 15and t h e  C n . m . r .  s p e c t r a  t h e  N n . m . r ,  s p e c t r a  s h o u ld  be
t e m p e r a tu r e  d e p e n d e n t ,  a t  h ig h  t e m p e r a tu r e s  t h e  r a t e  o f  i s o m é r i s a t i o n  
becoming to o  f a s t  f o r  d e t e c t i o n  o f  t h e  i n d i v i d u a l  n i t r o g e n
e n v iro n m e n ts ,  r e s u l t i n g  i n  t h e  n i t r o s y l  l i g a n d s  a p p e a r in g  t o  e x i s t  i n
a  s i n g l e  a v e ra g e d  e n v iro n m e n t .  V.T, e x a m in a t io n  o f  Fe2 ( S P r ^ ) 2 (N0 )^  
up t o  31OK (c h o s e n  b e c a u s e  o f  i t s  lo w e r  a c t i v a t i o n  e n e rg y  AG* ) ,  had  
no e f f e c t  on th e  o b se rv e d  s p e c t r a .  R a i s in g  t h e  t e m p e r a tu r e  f u r t h e r  
r e s u l t e d  i n  t h e  d e c o m p o s i t io n  o f  t h e  compound.
15The N c h e m ic a l  s h i f t s  o b se rv e d  a r e  i n  t h e  r e g i o n
c h a r a c t e r i s t i c ^ o f  l i n e a r  M-N-0 g r o u p s ,  i n  a g re e m e n t  w i th  t h e
1 15c r y s t a l  s t r u c t u r e  o f  F e2 ( S E t ) 2 (N0 )^  . The N n . m . r ,  r e s u l t s  c o n f i rm
t h e  e x i s t e n c e  o f  t h e  C2 j^  and 0 2^ iso m e rs  i n  s o l u t i o n  which were 
1 13i n f e r r e d  from  H and n . m . r ,  e v id e n c e .
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The X -ra y  s t r u c t u r e  o f  t h e  oubane a n a lo g u e s  Fe^X^(NO)^ (X = 8 , Se)
p 1 ppi s  known * and c o n s i s t s  o f  a  t e t r a h e d r o n  o f  i r o n  atoms w i th  a
c h a lc o g e n  atom r e s t i n g  on each  f a c e .  A n i t r o s y l  l ig a n d  i s  t e r m i n a l l y
bonded to  each  i r o n  atom, t h e  M-N-0 bond b e in g  e s s e n t i a l l y  l i n e a r .
n .m . r . e x a m i n a t i o n  o f  t h e  two a n a lo g u e s  i n  CD^Cl^ gave  a s i n g l e
peak ( t a b l e  3 ,5 )  i n  t h e  r e g i o n  a s s ig n e d  t o  l i n e a r  M-N-0 b o n d ^ ^ " !? .
The X -ray  s t r u c t u r e  o f  [Fe^S^CNO),^]" i s  known^^ ( f i g .  3 .4 )  and has
o v e r a l l  symmetry and p o s s e s s e s  t h r e e  n i t r o s y l  e n v iro n m e n ts  i n
r e l a t i v e  abundances  1 :3 :3 *  The un ique  a p i c a l  i r o n  b e a r s  a  s i n g l e
n i t r o s y l  l i g a n d ,  w h i l s t  each  o f  t h e  t h r e e  b a s a l  i r o n  atoms b e a r  two,
one which may be d e s c r i b e d  a s  a x i a l  and t h e  o t h e r  e q u a t o r i a l .
1 5E x a m in a tio n  o f  t h e  i o n  by N n . m . r .  s p e c t r o s c o p y  i n  CD^Cl^ r e v e a l e d
a  s p e c t r a  composed o f  t h r e e  pealcs ( t a b l e  3 . 5 ,  f i g .  3 * 5 ) ,  i n
r e l a t i v e  i n t e n s i t y  1 : 3 : 3 .  The f i r s t  o f  t h e s e  peaks  i s  due t o  t h e
u n iq u e  a p i c a l  n i t r o s y l ,  t h e  c l o s e  s i m i l a r i t y  be tw een  th e  a p i c a l  s i t e
and t h e  c o r n e r  o f  one o f  t h e  cubane  a n a lo g u e s  i s  d e m o n s t ra te d  by t h e  
15v e ry  s i m i l a r  N c h e m ic a l  s h i f t .  The o t h e r  two pealcs a r e  due t o  t h e  
two n i t r o s y l  e n v iro n m e n ts  p r e s e n t  i n  t h e  t h r e e  Fe(N0 ) 2  f r a g m e n ts .  
However, a t  p r e s e n t  i t  i s  n o t  p o s s i b l e  to  d i s c e r n  w hich e n v iro n m e n t  
r e l a t e s  t o  which p e a k .  I n  a d d i t i o n  ^J(^^N  Fe ^^N) c o u p l in g  i s  
o b s e rv e d  f o r  t h e  n i t r o s y l s  i n  t h e  Fe(N0 ) 2  f r a g m e n t s ,  o b s e rv e d  a s  a 
d o u b l e t ,  w i th  s i m i l a r  s p l i t t i n g  t o  t h a t  o b se rv e d  i n  F e2 (SR)2 (N0 ) ^ .
E x a m in a tio n  o f  [Fe^Seg(NO )y]~ y i e l d e d  a  s i m i l a r  s p e c tru m  t o  i t s
s u lp h u r  a n a lo g u e .  I n  t h e  e x a m in a t io n  o f  [F e ^ 8 e g (N 0 )y ]"  and o f
Fe^8e^(N 0)^  no s h o r t  r a n g e  c o u p l in g  t o  ^^Se was r e s o l v e d .  A lthough
1q 20 22t h e  s e le n iu m  a n a lo g u e  h as  b e e n  p r e p a r e d  p r e v i o u s l y  * , i t s
Table  3.5.: n .m . r . d a t a f o r . . i r o n -1
comnounds.
ComDound a
FegfSMeigfNO)^ (Cph) +30.5 ( s )
Feg(SMe)g(NO)j^ (Cpy) +23.1 (d) i l= 2 .8
+ 36 ,2 (d)
Fe2(SPr^)2(N O )^ (Cph) +30 .2 ( s )
FegCSPr^igCHOiy (Cpy) +26.7 (d )  ■ J= 2 .6
+35.7 (d)
(PPH)*[Fe^Sg(MO)y ]■ ^ + 7 .7 ( s ) + 36 .0
(PPH)^[Fe^Se (HO) 1- ktS. + 7 .8 ( s ) +29.5
Fe^S^(HO)^ + 12 .8 ( s )
Fe^Se^(NO)^ ^ +20.5 ( s )
15a .  Chem ical s h i f t s  i n  p . p . m . ,  r e f e r e n c e d  a g a i n s t  CH  ^ NO  ^ a s  e x t e r n a l  
r e f e r e n c e  f o r  sam ples  e n r i c h e d  t o  99^ S p e c t r a  r e c o r d e d  on
sam ples  i n  CDCl^ s o l u t i o n  a t  298K; a l l  o b se rv e d  c o u p l in g s  a r e
Fe 15%),
b .  The PPN* c a t i o n  c o n ta in e d  n a t u r a l  abundance  ^5%,
15 770 . No c o u p l in g  o f  N t o  N was d e t e c t e d .
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s t r u c t u r e  has  n e v e r  been  d e f i n e t i v e l y  e s t a b l i s h e d ,  o t h e r  t h a n  by
77i n f e r e n c e .  T h is  e x a m in a t io n  p r o v id e s  p ro o f  o f  s t r u c t u r e .  The Se 
n . m . r .  was r e c o r d e d  f o r  [Fe^^Se^CNO)^]". The r e s u l t i n g  sp e c t ru m  was 
composed o f  a  s i n g l e t  ( c a . 1468 .0  p . p . m . , r e f .  Me^Se) w i th  no 
r e s o l v e d  c o u p l in g  t o  n i t r o g e n .
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CHAPTER FOUR.
FORMATION, _OF. _PARAMAGNETIC MONONUCLEAR IRON-NITROSYL COMPLEXES FROM 
DIAMAGNETIC F e ^ ( S R ) ^ ( N O ) ; CHARACTERISATION BY E .P .R .  SPECTROSCOPY AND 
STUDY, _QF THIOL ATE EXCHANGE REACTIONS.
McDonald and cow orkers^  f i r s t  d e m o n s t ra te d  i n  1965 t h a t  aqueous
s o l u t i o n s  o f  i r o n ( I I )  s a l t s  r e a c t  w i th  n i t r i c  o x id e  i n  t h e  p r e s e n c e  o f
ra e rc a p ta n s  o r  p h o s p h a te s  t o  g e n e r a t e  p a ra m a g n e t ic  s p e c i e s  w i th  f o u r
c o o r d i n a t e  geom etry  o f  g e n e r a l  s t o i c h io m e t r y  [FeCNOOgL^]*,
c h a r a c t e r i s e d  by t h e i r  i s o t r o p i c  e . p . r .  s p e c t r a  w i th  g - c e n t r e  c a .
2 . 0 3 . More r e c e n t l y  i t  h a s  been  shown t h a t  i r o n ( I I )  s a l t s  w i l l  r e a c t
2i n  t h e  p r e s e n c e  o f  n i t r i c  o x id e  v d th  h a l i d e s  and p s e u d o h a l id e s  ,
3 4 ,5a l c o h o l s  and a l k o x i d e s  , m e r c a p t id e s  ’ and r a e r c a p t o - p u r i n e s  and
m e r c a p to - p y r im id in e s ^  to  form  s i m i l a r  s p e c i e s .  I n  a l l  c a s e s ^ ’*^  t h e
o b s e rv e d  s p e c t r a  p o s s e s s e d  g - c e n t r e s  ca.. 2 .0 3 .  e x c e p t  i n  t h e  c a se  o f
brom ide and i o d i d e  vhen  t h e  c e n t r e  \'ms s h i f t e d  t o  h ig h  f i e l d .  The
g - v a l u e  i s  t h e  p r o p o r t i o n a l i t y  c o n s t a n t  ( f o r  a  sy s te m  w i th  8=1/2  and
1=0) i n  th e  e q u a t i o n  hv=gUgB; w here  v i s  t h e  t h e  f i x e d  f r e q u e n c y  o f
t h e  m icrowave r a d i a t i o n  and B t h e  m agn itude  o f  t h e  s t a t i c  f i e l d  a t
r e s o n a n c e .  For a  f r e e  e l e c t r o n  g= 2 .0023: t h i s  i s  te rm ed  t h e  ' f r e e
s p i n '  o r  ' s p i n  o n l y '  v a l u e .  The g - v a l u e  i s  a  u n iq u e  p r o p e r t y  o f  th e
p a ra m a g n e t ic  s p e c i e s  and i s  i n d e p e n d e n t  o f  any e l e c t r o n - n u c l e a r
h y p e r f i n e  i n t e r a c t i o n s  t h a t  may be p r e s e n t .  I n  g e n e r a l ,  g i s
a n i s o t r o p i c ,  h a v in g  t h r e e  p r i n c i p a l  com ponents . T h is  a n i s o t r o p y  i s
n o r m a l ly  o n ly  d e t e c t e d  i n  s o l i d  p h ase  e x a m in a t io n s ,  w h i le  i s o t r o p i c
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s p e c t r a  a r e  o b t a i n e d ,  b e c a u s e  o f  r a p i d  tu m b l in g ,  i n  s o l u t i o n  phase
e x a m in a t io n s .  The m agn itude  o f  d e v i a t i o n  from 2 .0 0 2 3  depends  on t h e
n a t u r e  o f  t h e  s p i n - o r b i t  c o u p l i n g .  F o r  t r a n s i t l o n - m e t a l  com plexes  t h e
c e n t r a l  m e ta l  atom i s  u s u a l l y  t h e  m ajo r  s o u rc e  o f  t h e s e  g - s h i f t s .
Thus g - c e n t r e s  have  been  u sed  f o r  t h e  t e n t a t i v e  a s s ig n m e n ts  o f
7 — 10u n r e s o lv e d  e . p . r .  s p e c t r a  •
The i r o n  atoms i n  FegCSRjgfNO)^ have b een  a s s ig n e d  a  fo rm a l
q  11o x i d a t i o n  s t a t e  o f  - 1 ( d )  each  p o s s e s s in g  one u n p a i r e d  e l e c t r o n .  
T h is  would c a u se  t h e  compounds t o  be p a ra m a g n e t ic  b u t  f o r  t h e  
e x i s t e n c e  o f  an i r o n - i r o n  bond . I n  c h a p te r  3» i t  was r e p o r t e d  t h a t ,
i n  an n .m . r .  s tu d y  o f  t h e  d ia m a g n e t ic  compound F e2(8R )2(N 0)^  t h e  F e-S
r i n g  re m a in s  i n t a c t  on d i s s o l u t i o n  i n  n o n - p o la r  s o l v e n t s .  However, 
i t  was found t h a t  i n  p o l a r  s o l v e n t s ,  such  a s  DMF, b road  u n r e s o lv e d  
s p e c t r a  w ere  o b t a i n e d .  T h is  was e x p la in e d  a s  b e in g  due t o  t h e
p r e s e n c e  o f  m o n o -iro n  f ra g m e n ts  r e s u l t i n g  from t h e  f i s s i o n  o f  t h e
i r o n - s u l p h u r  r i n g .  The p ro p o se d  s t r u c t u r e  f o r  t h e  m o n o - i ro n  
complexes^ [Fe(N 0 ) 2L2 ]*" i s  c l o s e l y  r e l a t e d  t o  t h a t  o f  t h e  n e u t r a l  
d ia m a g n e t ic  complex F e 2 ( S R ) 2 ( N 0 ) ^ ^ ^ ' I n  t h i s  c h a p t e r  t h e  r e s u l t s  
o f  an  e . p . r .  e x a m in a t io n  o f  F e2 (SR)2 (N0 )^  i n  v a r i o u s  p o l a r  s o l v e n t s  
a r e  r e p o r t e d .
I n  c h a p t e r  2 t h e  r e s u l t s  o f  a t t e m p t s  t o  c a r r y  o u t  a l k a n e t h i o l a t e  
exchange  r e a c t i o n s  w i th  F e2 (SR)2 (C0 )^ t o  p ro d u ce  s u i t a b l y  
f u n c t i o n a l i s e d  R g ro u p s  p r i o r  t o  c o n v e r s io n  t o  t h e i r  n i t r o s y l  
a n a lo g u e s  w ere  r e p o r t e d .  I n  t h i s  c h a p te r  th e  r e s u l t s  o f  a t t e m p t s  t o  
c a r r y  o u t  s i m i l a r  exchange r e a c t i o n s  on Fe2 (SR)2 (N0 )^  a r e  r e p o r t e d .
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4 . 2
4 .2 .1
Samples o f  FegCSRÏgCNO)^ was p re p a re d  a s  d e s c r i b e d  i n  c h a p t e r  2 
from FegCSR^gfCO)^; and by l i t e r a t u r e  methods from Fe^I^CNO)^^^. A l l  
m a n ip u la t io n s  w ere  c a r r i e d  o u t  u n d e r  an a tm o sp h e re  o f  d ry  n i t r o g e n ;  
a l l  o r g a n ic  s o lv e n t 's  w ere  p u r i f i e d ,  d r i e d ,  and pu rged  w i th  d ry  
n i t r o g e n  b e f o r e  u s e .  A l l  c h e m ic a ls  employed w ere  A n a la r  g r a d e  o r  t h e  
p u r e s t  a v a i l a b l e .
E . p . r .  s p e c t r a  w ere  m easu red , u s u a l l y  a t  240K, i n  1mm q u a r t z  
c a p i l l a r i e s  u s in g  a  B ru k e r  200D S p e c t r o m e te r .  D i ~ t - b u t y l  n i t r o x i d e  
was employed a s  t h e  s t a n d a r d  f o r  t h e  m easurem ent o f  l i n e  p o s i t i o n s ,  
N .m .r .  s p e c t r a  w ere  m easured  a t  am b ien t  s p e c t r o m e te r  t e m p e r a tu r e  
(308K) u s in g  a  B ru k e r  WP-80 S p e c t r o m e te r ,
4 . 2 . 2  Exchange, R e a c t i o n s .
( a )  Samples (O .IOg) o f  FegCSEtïgCNO)^ were d i s s o l v e d  i n  50 ml p o r t i o n s
o f  DMF, THF, Eton o r  t o lu e n e  and Pr^SH (1 ml) was t h e n  added , and t h e
m ix tu re  s t i r r e d  u n d e r  n i t r o g e n ,  a t  room t e m p e r a t u r e ,  f o r  72 h o u r s .
The s o l v e n t  and v o l a t i l e  p r o d u c t s  were th e n  removed on t h e  vacuum
1sy s te m , and t h e  r e s i d u a l  s o l i d  was examined by H n . m . r .  s p e c t r o s c o p y
i n  CDC1-.3
(b )  Sam ples (O .IOg) o f  Fe2(SR )2(N 0)^  were d i s s o l v e d  i n  50 ml p o r t i o n s
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o f  THF and R’SH (1 ml) was then added. The m ixtures were s t ir r e d
under n itro g en , a t  room tem perature, for  72 hours and then worked up
and examined as above. The exchange rea c tio n  w ith  H^S was carr ied  out
in  a sea led  5 dra^  v e s s e l  a t  1 atm, p ressu re. The acid  Fe2(SH)2(N0)^
15was ch a racter ised  by comparison w ith  data reported by Beck
4 . 2.3 -Attempts...to i s o l a t e , iFe.CÆOj^XS R )^ P P N )
(a ) To Fe2(SNe)2 (N0 )y (0 . 25g) in  dry deoxygenated DMF (20 ml) was added 
MeSNa (I.O O g). This m ixture was s t ir r e d  fo r  1 hour under n itro g en . 
The r e s u lt in g  s o lu t io n  was tran sferred  to  a 150cm x 2.5  cm s i l i c a  g e l  
dry column and e lu ted  w ith  DMF. The compound ran as a dark green band 
fo llow ed  by brown s tr e a k s . Examination o f the s e c t io n s  o f the
column revea led  th a t the green band contained  a m ixture o f  
[Fe(NO) (DMF) ]* , Fe(NO) (8Me)(DMF) and [Fe(N0)2(SM e)2]“ , id e n t i f ie d  
by e .p .r .  sp ectroscop y . E xtracts  o f  the brown strea k s were 
diam agnetic, and n .m .r , exam ination rev ea led , the presence o f  
Fe2(SM e)2(N 0)^ .
(b) Attempts to  i s o la t e  [Fe(N0)2(SR)2]~(PPN)* by the a d d itio n  o f  
s to ic h io m e tr ic  q u a n t it ie s  o f [PPN]*C1~ and RSNa to  THF, Et^NH and DMF 
s o lu t io n s  o f  Fe2(SR)2(N0)^ r e su lte d  in  the production  o f m ixtures o f  
[Fe(N0)2(SR)2]PPN and Fe2(SR)2(N0)^. A ll attem pts to  i s o la t e  
[Fe(N0)2(SR)2]PPN by chromatography or fr a c t io n a l r e c r y s ta l is a t io n  
r e su lte d  in  the conversion  o f  [Fe(N0)2(SR)2]PPN in to  Fe2(SR)2(N0)^.
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4,3  R esu lts  and D isc u ss io n .
4 , 3.1 Brldging__ligand_excbange_.r_eactiQ.n3
. In chapter 2 , the r e s u lt s  o f  a s e r ie s  o f bridg ing  ligand  exchange 
r e a c tio n s  were recorded fo r  a range o f e s te r s  FegfSR^gCCO)^. These 
re a c tio n s  were performed in  an attem pt to  produce su ita b ly  
fu n c tio n a lise d  compounds p rior  to  conversion  to  th e ir  n it r o s y l  
analogues. In t h is  s e c t io n  the r e s u lt s  o f  a study o f  the b rid g in g  
ligand  exchange r e a c tio n s  o f  th e  e s te r s  o f  Fe2(SR)2(N0)^ are  
rep orted .
FegfSEtjgCNO)^ was reacted  w ith an ex ce ss  o f Pr^SH in  a range o f  
so lv e n ts  ( ta b le  4 , 1) ,
and Pr^SH,
S o lven t Product Composition (%)
Fe2(SPr^)2(N0)^ Fe2(8Et)2(N0)
DMF 100 0
THF 100 0
Eton 86 14
Toluene 62 38
Cyclohexane 60 40
In a l l  so lv e n ts  examined exchange was observed. However, th e e x te n t
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o f  th is  exchange was dependent upon the p o la r ity  o f  the so lv e n t . In
the polar s o lv e n ts ,  DMF and THF, com plete lig a n d  exchange was
observed , w h ils t  in  non-polar so lv e n ts  such as benzene, ligan d
exchange was not com plete. To t e s t  the g e n e r a lity  o f  th is  exchange
r e a c tio n  a range o f e s te r s  o f Fe^fSHj^CNOj^ were allow ed to  rea c t w ith
an ex ce ss  o f th io l  in  THF. These m ixtures were evaporated to  s o l id
a f te r  72 hours* and the com position  o f 'th e  re a c tio n  products determined  
1by H n .m .r . sp ectroscop y . The sp ectra  obtained showed the exchange 
r e a c tio n  to  be gen era l and to  be com plete or alm ost so ( ta b le  4 . 2 ) .
Table 4,.2 ;__ R esu lts  o f  exchange re a c tio n s  of_ Fe^fSRÏ^fNO)^ with added
Product Composition (%) 
Fe2(8R')2(N0)y Fe2(SR)2(N0)
CH3 H 90 10
“ 3 n-C^H^ 100 0
CLHL i-C^H^ 100 02 5 3 7
CH2COOH 95 5
t-C.Hn i-C^H^ 60 404 9 3 7
In a l l  o f th ese  r e a c t io n s  the t o t a l  m ateria l recovered 1
than 9555. The sp ec tra  obtained demonstrated the r e a c t io n s
w ith n e g lig ib le  decom position; no products o f any s id e  r e a c t io n s  were 
observed.
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In an attem pt to  examine the a lk a n e th io l exchange p rocess in  
1to lu en e-d g  by H n .m .r . a sample o f  FegCSMeïgCNO)^ was reacted  w ith  a 
10:1 ex cess  o f PhCH^SH. Examination o f th is  m ixture a t  in te r v a ls  
revea led  a very slow  ra te  o f exchange, the rea c tio n  having not reached  
equ ilibrium  a f te r  one year. Throughout t h is  exam ination no 
decom position was observed in  the tube and no extraneous peaks 
appeared in  the n .m .r . sp e c tr a . The a lk y l exchange r e a c tio n  must 
proceed v ia  a mixed e s te r  in term ed ia te  o f Fe^CSR)(SR') (NO)^, The 
n .m .r . sp ec tra  o f the samples from the so lv e n t  and th e THF study were 
recorded in  CDCl^; in  no case  was r e so lu t io n  achieved o f  peaks 
u n eq u ivoca lly  a ssig n a b le  to  the mixed e s te r  products. However, in  the  
exchange exam ination in  to lu en e-d g , peaks a ss ig n a b le  to  th e mixed 
product were reso lved  w ith  id e n t ic a l  chem ical s h i f t  to  th a t o f e ith e r  
o f  the e s t e r s ,  Fe2(SMe)2(N0)^ and Fe2(8CH Ph) (NO)^, but w ith  
d if fe r e n t  A v va lu es; in  the case o f  the m ethyl analogue th is  was 
sm aller  £a.. 2 .0  Hz a g a in st 5.8  Hz, and in  the case o f  the m ethylene
protons in  the benzyl analogue, la r g e r , 2a.. 6 .0  Hz a g a in st 2.7  Hz.
These a lk a n e th io l exchange r e a c tio n s  are o f sy n th e t ic  va lue and 
are su p erior  to  those described  in  chapter 2 , which were based upon 
exchange r e a c tio n s  o f  Fe2(SR)2(C0)g p rior  to  i t s  conversion  to  i t s  
n it r o s y l  analogue. Although a b rid g in g  ligand  exchange p rocess does  
occur, i t  was not o f  gen era l u t i l i t y  and was not always a c lea n  
r e a c tio n , Rauchfuss and W eatherill^^ developed a s y n th e t ic a l ly  u se fu l  
r ea c tio n  fo r  the preparation  o f Fe2(SR)2(N0)^ from Fe2l2(N0)^ by the  
r e a c tio n  o f  s to ic h io m e tr ic  q u a n t it ie s  o f  ^6212(^0)^ w ith the
appropriate th io l  and b ase. This i s  a good s y n th e t ic  route; however,
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fo r  the preparation  o f e s te r s  w ith  fu n c tio n a lise d  R groups, in  
p a r tic u la r  those con ta in in g  su b str a te s  which render the e s te r  water 
so lu b le , th is  a lk a n e th io l exchange r e a c tio n  w ith preformed
FegfSRÏgCNO)^ i s  b e t te r .
4 . 3 . 2  K
In chapter 3 , the r e s u lt s  o f  an n .m .r . exam ination o f  
FegfSRÏgfNO)^ in  variou s s o lv e n ts  was d iscu sse d . The fa c t  th a t w e ll  
reso lv ed  sp ec tra  are obtained in  the m ajority o f  so lv e n ts  examined i s  
due to  the continued e x is te n c e  o f  the dimer in  s o lu t io n . The 
rob u stn ess o f  the iron -su lp h u r ring  i s  i l lu s t r a t e d  by re flu x in g  an 
equim olar m ixture o f FegfSMejgfNO)^ and Fe2(SEt)2(N 0)^ in  chloroform  
under n itrogen  fo r  four hours, where n e g lig ib le  decom position or  
production  o f  the mixed e s te r  Fe^CSMe)(SEt)(NO)^^ i s  observed . 
However, i f  t h is  i s  repeated  in  DMF, then . the mixed e s t e r ,  
id e n t i f ia b le  by mass sp ectroscop y , i s  r e a d ily  gen erated . In the  
n .m .r. exam ination o f  MERR in  DMF-d^, w e ll  reso lv ed  sp ectra  were 
observed to  broaden and c o lla p se  w ith time; t h is  was coupled w ith  a 
s h i f t  in  resonance to  low f i e l d ,  due to  the gen era tio n  o f paramagnetic 
mono-iron sp e c ie s  in  s o lu t io n .
The e s te r s  Fe2(SR)2(N0)^ (R=Me,Et,Pr^,Bu^ and PhCH )^ a l l  gave 
weak e .p .r .  ab sorp tion s when d isso lv ed  in  DMF: the sp ec tra  were
centred  a t  g=2.03 and were broad w ith  no reso lv ed  h yp erfin e co u p lin g . 
A ddition o f t h io ls  enhanced the sp e c tr a l in t e n s it y ,  although s o lu t io n s  
o f  FegCSRÏgCNO)^ in  RSH a lon e were e .p .r .  s i l e n t .  Upon subsequent
g -2 .027I
F ig . 4 . 1; E .p .r , spectrum o f [FefNOOgfSDu jg]'
9*2.027
I
~ 1 —F ig .  4 .2 ;  E . p . r .  sp e c tru m  o f  [FeC H O ^C SP r. ) g ]
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a d d itio n  o f a tra ce  o f MeS , which a c ts  as a base, a major enhancement 
in  sp e c tr a l in t e n s ity  and r e s o lu t io n  occurred. A ll o f  the sp e c ie s  
generated were is o tr o p ic  and demonstrated reso lved  h yp erfin e cou p lin g , 
caused by magnetic coupling between the iron  atom 's unpaired e le c tr o n  
and nearby m agnetic n u c le i in  the complex. As in  n .m .r . 
sp ectroscop y , th ere  are 2n l+1 energy l e v e l s .  So for  an e .p .r .  
spectrum o f  a paramagnetic' s p e c ie s  con tain ing two coupled n u c le i  
(1 = 1 ), there are f iv e  components la b e lle d  M^=+2 ,+ 1 , 0 , - 1 ,~2 w ith  
r e la t iv e  in t e n s i t i e s  1 ;2 :3 î2 ;1 .
By the use o f  variou s a lk a n e th io la te s , i t  was p o s s ib le  to
id e n t ify  the generated paramagnetic s p e c ie s .  A ddition  o f an ex ce ss  o f
Bu^S“ to  any e s t e r  Fe2(8R )2(N0)^, r e su lte d  in  the g en era tion  o f  
sp ectra  which were independent o f the a lk y l groups o f the e s te r  ( f i g .
4 . 1) .  The sp ec tra  obtained  were composed s o le ly  o f  a q u in te t  o f
r e la t iv e  in te n s ity  1 :2 :3 :2 :1 , a ssign ed  to  the coupling  o f the two 
n u c le i ;1=1 o f  the two n it r o s y l  lig a n d s . Repeating th is  experim ent, 
su b s t itu t in g  Pr^ S*" fo r  Bu^s” r e su lte d  in  the g en era tio n  o f  sp ec tra  
con ta in in g  a q u in te t . However, in  a d d itio n , each o f the f iv e  peaks 
were s p l i t  in to  a t r i p l e t  w ith  binom ial in te n s ity  1:2:1  ( f i g ,  4 . 2 ) ,  
due to  the coupling o f  two n u c le i w ith 1= 1 /2 . Pr^s"’ p o sse sse s  a 
s in g le  proton d ir e c t ly  bonded to  the C.~S carbon, and coord in a tion  o f  
two th io la to  lig a n d s to  the [Fe(NO) ]* fragment to  form [Fe(NO)_L_]~c. - d c.
would r e s u lt  in  the coupling o f  two protons (1 = 1 /2 ) . Bu^S” has no 
protons attached  to  i t s  Ç.-S carbon and hence t h is  coupling w i l l ,  as 
was found, be ab sen t. I f  th is  assignm ent o f  the com position  o f  the
_  i _paramagnetic s p e c ie s  i s  c o r r e c t , then s u b s t itu t io n  o f RCH^ S fo r  Pr S 
should r e s u lt  in  each peak in  the n itr o g e n ’s q u in te t  being s p l i t  in to
g * 2 .0 Z 7I
F ig . U.3 ; E . p . r .  spectrum of [FefNOOgtSCH^Phig]
9= 2.028
F ig . E . p . r ,  spectrum o f [FeCNCOgfSMeïg]
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a  q u i n t e t  o f  r e l a t i v e  i n t e n s i t i e s  L ik e w is e ,  a d d i t i o n  o f
MeS*" would r e s u l t  i n  each  peak  b e in g  s p l i t  i n t o  a  h e p t e t
( 1 : 6 : 1 5 : 2 0 : 1 5 : 6 : 1 ) *  On p e r fo rm in g  t h e  a p p r o p r i a t e  s u b s t i t u t i o n ,  t h e
i n t e n s i t i e s  were o b se rv e d  a s  a n t i c i p a t e d  ( f i g *  4*3 and 4 . 4 ) ,  t h u s
1c o n f i rm in g  t h e  c o m p o s i t io n  a s  b e in g  t h a t  p ro p o se d  by McDonald f o r  
s i m i l a r  s p e c ie s *  The g e n e r a t i o n  o f  t h e s e  p a ra m a g n e t ic  s p e c i e s  from  
F e2 (SR )2 (N0 )^  may t h e r e f o r e  be sum m arised :
Feg^SRigCNO)^ + 2R8H -^ ^ ^ 2[F e(8R )g(N 0)g]" "
.Table, 4,*.3,;. JS,*P-.r,*- d a h a _ fp r - J E ef  NOl^LS.R.)^l~....c.oinBlex.es..
R g A ( * ' \ ) / G A(1 H)/G
H 2 .0 2 8 2 .7 0 .5 (2H)
Me 2*02 8 2 .1 2*1 (6H)
E t 2 . 0 2 7 2 .6 2*0 (4H)
i - P r 2 . 0 2 7 2*5 1.3 (2H)
t-B u 2*027 2 . 7 - (OH)
PhCH2 2*027 2*4 1*4 (4H)
I n a d d i t i o n  t o  t h e  g e n e r a t i o n  o f  t h e s e  e!*p*r* s p e c t r a  by t h e
a d d i t i o n o f  RSr  t o  DMF s o l u t i o n s  o f  Fe2 (SR) gCNO) s p e c t r a  c o u ld  be
g e n e r a te d by t h e  a d d i t i o n  o f  NaSH* I t was found  t h a t  t h e  e . p . r .
s p e c t r a th u s p roduced w ere  a c i d / b a s e d e p e n d e n t ,  a c i d i f i c a t i o n
r e s u l t i n g i n t h e  r e v e r s i b l e  c o n v e r s io n o f [Fe(NO)2(SH)23“  i n t o
Fe(N 0)2 (8H )(8H 2):  g=2*031; A(N) 2*000; A(H) 1*900* A t te m p ts  t o  add a
seco n d  p r o to n  t o  t h e  complex t o  form  [Fe(N 0 ) 2 ( 8 H2 ) 2 ]* ;  ev en  by t h e  
b u b b l in g  o f  H28  th ro u g h  t h e  s o l u t i o n ,  were u n s u c c e s s f u l ,
[FefNCOgtSHig]" ........... Fe(N0)g(8H ) (8H)g [Fe(N 0 ) 2 (SH2 ) 2 ] +
i
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1McDonald r e p o r t e d  t h a t  t h e  o b se rv e d  s i g n a l  i n t e n s i t i e s  o f  t h e  
p a ra m a g n e t ic  com plexes  g e n e r a t e d  by th e  a c t i o n  o f  n i t r i c  o x id e  on 
s o l u t i o n s  o f  i r o n ( I I )  s a l t s  w ere  d e p e n d e n t  upon t h e  pH o f  t h e  
m ix t u r e s .  The g r e a t e r  t h e  pH, t h e  s t r o n g e r  t h e  o b se rv e d  s p e c t ru m .  
T h is  he s u g g e s te d  was due to  t h e  e x i s t e n c e  o f  a  m o n o n u c le a r /d in u c l e a r  
e q u i l i b r i u m ;
ZEFeCNO^gLg]" ^ ^ ^ ^ F e g L g C N O )^ ^  + 2L~
However, no r e p o r t  was found  i n  t h e  ch e m ica l  l i t e r a t u r e  o f  a t t e m p t s  t o  
i s o l a t e  any o f  t h e s e  d i n u c l e a r  com plexes  g e n e r a te d  i n  t h i s  m anner.
I n  a t t e m p t s  t o  i s o l a t e  a n a l y t i c a l l y  p u r e  sam p les  o f  t h e  m ono-an ion  
[FeCNOOgCSR)^]", a s  e i t h e r  i t s  sodium o r  PPN* s a l t ,  p roved  
u n s u c c e s s f u l  ( c f .  e x p e r i m e n t a l ) .  I n  a l l  a t t e m p t s  t h e  e x t r a c t e d  
m ix tu re  was found t o  c o n t a i n  t h e  d i n u c l e a r  F e2 (SR)2 (N0 )^  and in d e e d  
a t t e m p t s  t o  s e p a r a t e  t h e  two r e s u l t e d  i n  t h e  c o n v e r s io n  o f  t h e  
m o n o -iro n  complex i n t o  F e 2 (8 R )2 (N 0 )y .  These a t t e m p t s  t h u s  d e m o n s t r a te  
t h e  r e v e r s i b i l t y  o f  t h e  m o n o n u c le a r /d in u c l e a r  e q u i l i b r i u m .  The pH 
dependency  o f  t h e  e q u i l i b r i u m  i n  DMF i s  i l l u s t r a t e d  by th e  d i f f e r e n c e  
i n  a c t i o n  o f  RSH and o f  RS~ on F e2 (8 R )2 (N 0 )^ .  A d d i t io n  o f  t h e  a c i d i c  
RSH r e s u l t e d  i n  l i t t l e  s p e c t r a l  enhancem ent, w h i l s t  a d d i t i o n  o f  t h e  
b a se  RS~, r e s u l t e d  i n  t h e  p r o d u c t io n  o f  s t r o n g  e . p . r .  s p e c t r a  due to  
[F e (N 0 )2 (8 R )2 ]~ .  S u b s e q u e n t ,  a c i d i f i c a t i o n  o f  s o l u t i o n s  c o n t a i n i n g  
[Fe(N 0 ) 2 (SR)2 ]~ r e s u l t e d  i n  a  l o s s  o f  s p e c t r a l  i n t e n s i t y .
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I n  a d d i t i o n  t o  g - c e n t r e s  2 .0 3 ,  t h e  [FefNOOgfSRÏg]" com plexes
were found to  p o s s e s s  h y p e r f i n e  c o u p l in g s  t o  n i t r o g e n  and hyd ro g en  
s i m i l a r  t o  th o s e  p r e v i o u s l y  o b se rv e d  f o r  s p e c i e s  g e n e r a t e d  from  
i r o n ( I I )  s a l t s ^ “ ^ .  The m agn itude  o f  t h e  h y p e r f i n e  c o u p l in g  i s  
p r o p o r t i o n a l  t o  t h e  d e g re e  o f  i n t e r a c t i o n  b e tw e en  th e  u n p a i r e d  
e l e c t r o n  and o r b i t a l s  o f  a d j a c e n t  atoms w i th  n u c l e i  w i th  I /O .  
Com parison o f  t h e  v a lu e s  o b t a i n e d  f o r  [FeCNO^^CSRjg]" ( t a b l e  4 .3 )  
r e v e a l s  t h a t ,  a s  t h e  p r o to n s  a r e  r e p l a c e d  on t h e  o t -c a rb o n  atom by 
a l k y l  s u b s t i t u e n t s ,  t h e r e  i s  an i n c r e a s e  i n  t h e  m agn itude  o f  t h e  
n i t r o g e n  h y p e r f i n e  c o u p l in g  r e s u l t i n g  from  a  s t r o n g e r  i n t e r a c t i o n  w i th  
t h e  n i t r o s y l ’ s  o r b i t a l s .  On c h an g in g  from R=Me t o  Bu t h e r e  i s  a 
r e s u l t a n t  i n c r e a s e  i n  c o u p l in g  t o  n i t r o g e n  o f  some 29%.
I t  i s  more d i f f i c u l t  to  comment on t h e  d e g re e  o f  i n t e r a c t i o n  w i th  
t h e  a l k a n e t h i o l a t o  g ro u p s  s i n c e  i t  was n o t  p o s s i b l e  to  r e s o l v e  any 
c o u p l in g  t o  C, However, on c h an g in g  from  R=Me t o  Pr t h e r e  i s  a
d e c r e a s e  o f  38^ i n  t h e  c o u p l in g  t o  t h e  (K -p ro to n s .  T h is  s u g g e s t s  t h a t
t h e r e  may be a  r e d u c t i o n  i n  t h e  i n t e r a c t i o n  be tw een  t h e  u n p a i r e d
e l e c t r o n  and t h e  a l k a n e t h i o l a t o  g ro u p s  on r e p la c e m e n t  o f  p r o to n s  on
th e  oC -carbon .
4 . 3 . 3
I n  t h e  e x a m in a t io n  o f  Fe2(SR )2(N 0)^  i n  DMF-d^ by n . m . r .  
s p e c t r o s c o p y ,  i t  was found t h a t ,  a s  t h e  s o l u t i o n  a g e d ,  t h e  peaks 
b ro ad en ed  and c o l l a p s e d .  The r a t e  o f  t h i s  p r o c e s s  was t e m p e r a tu r e  
d e p e n d e n t .  When a s o l u t i o n  o f  e i t h e r  Fe2(SM e)2(N0)^ o r  
Fe2(SPr^)2(N 0)j^  i n  DMF was h e a te d  t o  350K f o r  5 m in u te s ,  and 
s u b s e q u e n t ly  c o o le d  t o  240K, t h e  s p e c t r a l  i n t e n s i t y  was much enhanced
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o v e r  t h a t  o f  t h e  i n i t i a l  s o l u t i o n  a nd , i n  t h e  c a s e  o f  R=Pr^ a t  l e a s t ,  
i t  was c l e a r  t h a t  two p a ra m a g n e t ic  com plexes w ere  p r e s e n t  i n
a p p ro x im a te ly  e q u im o la r  c o n c e n t r a t i o n s .  Com parison o f  t h e  s p e c t r a
o b t a i n e d  from F e 2 (S P r^ )2 (N 0 )^  i n  DMF, DMF-d^ and d im e th y la c e ta m id e
(DMA) showed t h a t  t h e s e  two s p e c i e s  were [FeCNCOgfSolv)^]* and
F e(N 0 )2 (S R )(S o lv )  i n  w hich t h e r e  i s  h y p e r f i n e  c o u p l in g  t o  t h e  u n iq u e  
p r o to n  i n  DMF i n  a d d i t i o n  t o  t h o s e  i n v o lv i n g  t h e  n u c l e i  o f  t h e  two 
n i t r o s y l  g ro u p s  and t h e  ( X -p ro to n s  o f  t h e  SR g ro u p  ( t a b l e  4 . 4 ) .
DMF-d^_and DMA.
Complex g A (* ^ \) /G  A(^H)(SR)/G A(X)/G
(1 )  Solvo-G om plexes from F e 2 (S P r^ )2 (N 0 )^
[Fe(NO)^(DMF)^]+ 2 .0 3 3  2 .4  (2N) -  4 .0  (2H)2 ' —  '2
2*Fe(NO)^(SPr^)(DMF) 2 .0 2 7  2 .6  (2N) 1 .3  (1H) 4 .6  (1H)
[Fe(N 0)^(D M F-d^)^]‘** 2 .0 3 3  2 .5  (2N)2 '  7 2 
g(8Pr^)(DMF.Fe(NO)^ S r^)( F-d^) 2 .027  2 .5  (2N) 1 .3  (1H)
[Fe(NO)^(DMA)^]+ 2 .0 3 3  2 .5  (2N)2 '  ' 2
2<Fe(NO)^(SPr^)(DMA) 2 ,0 2 7  2 .5  (2N) 1 .3  (1H)
(2 )  S o lv o -co m p lex es  from  Fc2(SM e)2(N0)^
[Fe(N0)2(DMF)2]+ 2 .0 3 3  2 .4  (2N) -  4 . 0  (2H)
Fe(N0)2(8Me)(DMF) 2 .0 2 7  2 .4  (2N) 4 .5  (3H) 4 .6  (1H)
g•HI
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The a b se n c e  o f  any n i t r o g e n  c o u p l in g  o t h e r  th a n  t h a t  t o  t h e  two 
n i t r o s y l  l i g a n d s ,  and t h e  p r e s e n c e  o f  c o u p l in g  t o  t h e  un iq u e  p r o to n  o f  
DMF, im p l ie s  t h a t  t h e  s o l v e n t  c o o r d i n a t e s  v i a  i t s  c a rb o n y l  g r o u p ,  
DMF-dy c o n t a i n s  one u n iq u e  d e u te r iu m  atom (1=1) and  c o o r d i n a t i o n  o f  
two m o le c u le s  o f  s o l v e n t  v i a  t h e i r  c a r b o n y l  g ro u p s  y i e l d s  f i v e
com ponents i n  t h e  e . p . r .  s p e c tru m  w i th  r e l a t i v e  i n t e n s i t i e s  
1 : 2 ; 3 ; 2 : 1 .  However, i n s p e c t i o n  o f  t h e  DMF-d^ s p e c t ru m  r e v e a l e d  no 
i d e n t i f i a b l e  d e u te r iu m  c o u p l in g .  M agn itudes  o f  e x p e r i m e n t a l l y  
o b s e rv e d  h y p e r f i n e  c o u p l in g s  a r e  p r o p o r t i o n a l  t o  and i t s e l f  i s
p r o p o r t i o n a l  t o  t h e  r a t i o  o f  t h e  (m a g n e tic  m o m e n t ) / (n u c le a r  s p in )  o f  
t h e  n u c l e i .  The r a t i o  o f  A^ f o r  ^H t o  ^H i s  6 . 5 : 1 ^ ^ .  from th e
e x p e r i m e n t a l l y  o b s e rv e d  c o u p l in g  c o n s t a n t  f o r  t h e  u n iq u e  p r o to n  i n  DMF
a  v a lu e  o f  0 . 6 G f o r  A( H) may be deduced  f o r  t h e  d e u te r iu m  h y p e r f i n e
c o u p l i n g .  T h is  r e d u c t i o n  r e s u l t s  i n  t h e  d e u te r iu m  h y p e r f i n e  c o u p l in g  
n o t  b e in g  r e s o l v e d .
I n  s o l u t i o n s  o f  Fe2(SR )2(N 0)^  i n  DMF, DMF-d^ and DMA com plexes  o f  
ty p e  [F e (N 0 )2 ( S o lv )2 ] *  w ere  formed ( f i g .  4 . 5 ) .  S i m i l a r  d i - s o l v a t e d  
com plexes  w ere  form ed i n  a  r a n g e  o f  h e t e r o - a r o m a t i c  s o l v e n t s ( t a b l e  
4 . 5 ) ,
0L_
9=2.029
5G
pectruia  o f  FefNOÏgtSMeïCHHEtg)
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T a b le  4^5 da  t a  f o r [Fe(NO.)_ ( S o lv O . l* .c o m p le x e s .
S o lv e n t g
2
A(1^N)/G A(X)/G°
DMF 2 .0 3 3 2 .4  (2N) • 4 .0  (2H)
DMF-dy 2 .0 3 3 2 .5  (2N) a
DMA 2 .0 3 3 . 2 .5  (2N) a
P y r id i n e 2 .016 4 .5  (2N) 8 .9  (2N)
2 ,6 - D i m e t h y l p y r i d i n e ‘ 2 .031 2 .3  (2N) 4 .6  (2N)
2 , 4 ,6 - T r i m e t h y l p y r i d i n e 2 .0 3 0 b b
Q u in o l in e 2 .0 3 2 2 .2  (2N) 4 .4  (2N)
a /  No r e s o l u t i o n  o f  h y p e r f i n e  c o u p l in g  t o  h yd rogen  o r  n i t r o g e n  i n  
c o o r d i n a te d  s o l v e n t  m o le c u le s .
b /  No r e s o l u t i o n  o f  any h y p e r f i n e  c o u p l in g s ;  i d e n t i t y  o f  p a ra m a g n e t ic
1 1 4complex d o u b t f u l .  c /  X r e p r e s e n t s  H o r  N i n  c o o r d i n a te d  s o l v e n t  
m o le c u le s .
w h i l s t  com plexes o f  ty p e  FeCN OO gfSR)(Solvent), w hich w ere  a l s o  form ed 
i n  DMF, DMF-dy and DMA, a p p e a re d  t o  be form ed i n  a  number o f  non
a ro m a t ic  s o l v e n t s ( t a b l e 4 . 6 ,  f i g . 4 . 6 ) .
T ab le  4 .6 :  E . p . r . d a t a  f o r  Fe(NO)_ CSR)(Solv) c o m p lex es .
S o lv e n t R
tL
g A(1^N)/G a ( ’’h ) ( s r ) / g A(X)/G
DMF P r^ 2 .027 2 .6  (2N) 1 .3  (1H) 4 .6  (1H)
DMF-dy P r^ 2 .027 2 .6  (2N) 1 .3  (1H) a
DMA Pr^ 2 .027 2 .5  (2N) 1 .3  (1H) a
. .  . .
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DMF Me 2 . 0 2 7 2 .4  (2N) 4 .5  (3H) 4 .6
DMSO Me 2 . 0 3 2 6 . 0  (2N) 3 .2  (3H) a
“ 3 Me 2 . 0 2 9 b b' b
E t  HH Me 2 . 0 2 9 4 .0  (2N) 2 .0  (3H) a
P y r r o l i d i n e Me 2 . 0 2 9 3 . 9  (2N) 2 . 0  (3H) a
P i p e r i d i n e Me 2 . 0 2 9 4 .2  (2N) 2 .1  (3H) a
P i p e r i d i n e CH Ph 2 . 0 2 9 4 .2  (2N) 2 , 0  (2H) a
«2 ° CHgCOOH 2 , 0 3 0 b b b
I n  none o f  t h e  l a t t e r  c l a s s ,  e x c e p t  f o r  DMF, was any h y p e r f i n e
c o u p l in g  o b se rv e d  t o  e i t h e r  h y d ro g en s  o r  n i t r o g e n s  o f  c o o r d i n a t e d
s o l v e n t  m o le c u le s .  T h is  i s  p resum ab ly  due t o  f a s t  s o l v e n t  e x c h an g e .
However, i n  a l l  o a s e s ,  a t t e m p t s  t o  r e d u c e  t h e  r a t e  o f  s o l v e n t  exchange
by r e d u c in g  t h e  sam ple t e m p e r a tu r e  i n  in c r e m e n t s  to  t h e  f r e e z i n g
t e m p e r a t u r e  o f  t h e  s o l v e n t  p roved  u n s u c c e s s f u l  i n  r e s o l v i n g  t h i s
17c o u p l i n g .  S i m i l a r  s p e c i e s  have  been  p r e v i o u s l y  a s s ig n e d  to  
FeCNOOgXfSolv), and by a n a lo g y  w i th  t h e  DMF s o lv o -c o m p le x e s  
Fe(N0)2(SR)(DM F), t h e s e  s p e c i e s  may be a s s ig n e d  c o n s t i t u t i o n s  o f  th e  
same ty p e .  I n  l i q u i d  ammonia s o l u t i o n  a t  200K, Fe2(SM e)2(N0)^ y i e l d e d  
a  weak e . p . r .  sp e c t ru m  h a v in g  g = 2 .0 2 9 ,  i n  which no h y p e r f i n e  c o u p l in g  
w ere  r e s o l v a b l e :  by a n a lo g y  w i th  t h e  a l i p h a t i c  am ines  t h i s  s p e c i e s  may 
be Fe(N0)g(8Me)(NH ) .
E x a m in a t io n ,  by e . p . r ,  s p e c t r o s c o p y  a t  275K, o f  an aqueous  
s o l u t i o n  o f  ^^^(SCHgCOOHj^CNO)^ r e v e a l e d  a weak u n r e s o lv e d  a b s o r p t i o n ,  
c e n t r e d  a t  g = 2 .0 3 0 .  I n  w a t e r / e t h a n o l  m i x t u r e s ,  t h e  complex 
[Fe(N 0 )2 (H2 0 ) 2 ]* i s  r e p o r t e d ^  t o  g iv e  a  b ro ad  u n r e s o lv e d  a b s o r p t i o n  a t  
g=2.033* The d i - d e p r o t o n a t e d  a n a lo g u e ^ ,  [Fe(NO) (0H)^3“ , a t  g=2,027
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d e m o n s t r a te s  r e s o l v a b l e  c o u p l in g  t o  By a n a lo g y  w i th  t h e s e
r e s u l t s  and th o s e  o b t a i n e d  above f o r  Fe2 ( 8 R)2 (N0 )^  i n  a  r a n g e  o f  
n o n -a ro m a t ic  s o l v e n t s  t h e  s p e c i e s  w i th  g=2 . 0 3 0  c o u ld  e i t h e r  be 
FefNOOgCSCHgCOOHjfOH^), where x =1 o r  2 o r  th e  m o n o -d e p ro to n a te d  aquo 
s p e c i e s  Fe(N0 ) 2 ( 0H)(OH2 ) .
W ith th e  e x c e p t io n  o f  t h e  s o lv o -c o m p le x e s  form ed i n  DMF and DMA, 
a l l  o f  th e  o t h e r  s o lv o -c o m p le x e s  w ere  formed a t  room te m p e r a tu r e  o r  
be low . This  f o r m a t io n  i s  s i g n i f i c a n t  i n  t h a t  i t  d e m o n s t r a te s  t h e  
d ia m a g n e t ic  e s t e r s  Fe2 (SR)2 (N0 )^  can  s p o n ta n e o u s ly  and v e ry  r e a d i l y  
form p a ra m a g n e t ic  s p e c i e s ,  s im p ly  upon d i s s o l u t i o n  i n  a  p o l a r  
c o o r d i n a t i n g  medium, t y p i c a l  o f  p h y s i o l o g i c a l  e n v iro n m e n ts^ "^ ^ * ^ ^ * ^ ^ ;  
t h i s  i s  d i s c u s s e d  i n  c h a p t e r  7 .
D e s p i t e  any r e s i d u a l  u n c e r t a i n t y  a b o u t  t h e  c o n s t i t u t i o n  o f  t h e  
s o lv o -c o m p le x e s  o f  F e2 (SR )2 (N0 )^  formed i n  DMA, DMSO and a l i p h a t i c  
am in es ,  i t  i s  c l e a r  t h a t  t h e r e  a r e  two m ajo r  p o i n t s  o f  d i f f e r e n c e  
be tw een  th e  so lv o -c o m p le x e s  form ed by h e t e r o - a r o m a t i c  am ines  and by 
a l i p h a t i c  a m in e s .  The h e t e r o - a r o m a t i c  am ines  d i s p l a c e  a l l  o f  t h e  
c o o r d i n a te d  RS g ro u p s  and t h e  r e s u l t i n g  com plexes  show r e s o l v e d  
h y p e r f i n e  c o u p l in g  t o  th e  c o o r d in a te d  s o l v e n t .  I n  c o n t r a s t ,  t h e  
a l i p h a t i c  am ines p e rm i t  t h e  c o o r d i n a t i o n  o f  one RS g ro u p  t o  [Fe(N 0 ) 2 ]*  
and th e  r e s u l t i n g  com plexes  show no c o u p l in g  t o  t h e  s o l v e n t .
Fo r  a  p o s s i b l e  r a t i o n a l i s a t i o n  o f  t h e  d i f f e r e n c e s  o b se rv e d  i n  t h e  
c o o r d i n a t i o n  o f  m o n o -iro n  f ra g m e n ts  t o  a l i p h a t i c  and h e t e r o - a r o m a t i c  
am ines  t h e  m e t a l - l i g a n d  b in d in g  r e q u i r e s  c o n s i d e r a t i o n .  A lthough  no 
f o r m a t io n  c o n s t a n t s  a p p e a r  t o  be a v a i l a b l e  f o r  t h e  i n t e r a c t i o n  o f
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gam ines a c t i n g  a s  b o th  s o l v e n t  and a s  l i g a n d  to w a rd s  a  d m e ta l  i o n ,
t h e  p r o p e r t i e s  o f  t h e  am ines  th e m s e lv e s  can  be c o n s id e r e d  and
com pared . The s p e c t r o c h e m ic a l  f  v a lu e s  f o r  ammonia, t h e  a l i p h a t i c
20am ines and h e t e r o a r o m a t i c  am ines a r e  v e ry  s i m i l a r  and a l lo w  l i t t l e
d i s t i n c t i o n  be tw een  t h e  c l a s s e s  o f  l i g a n d .  However, t h e  u s e  o f  a
21tw o -d im e n s io n a l  s p e c t r o c h e m ic a l  s e r i e s  shows t h a t  w hereas  t h e  
a l i p h a t i c  am ines a r e  e s s e n t i a l l y  in v o lv e d  o n ly  i n  G" - b o n d in g  w i th  
c e n t r a l  m e ta l  a tom s, h e t e r o - a r o m a t i c  i n  a d d i t i o n  t o  t h e i r  CT -d o n o r  
p r o p e r t i e s  a r e  a l s o  s t r o n g  T\ a c c e p t o r s .  T h is  d i f f e r e n c e  w i l l  be 
a c c e n t u a t e d  by an e l e c t r o n  r i c h  TT sy s te m , and c o n s e q u e n t ly  t h e  
m e t a l - l i g a n d  TT back  bond ing  can  be s u g g e s te d  a s  t h e  s o u rc e  o f  t h e  
d i f f e r e n c e s  be tw een  t h e  two c l a s s e s  o f  l i g a n d .  The more p o w e rfu l  
m e t a l - l i g a n d  i n t e r a c t i o n  be tw een  [FeCNOOg]* and h e t e r o - a r o m a t i c  am ines  
r e s u l t i n g  i n  t h e  d i s p l a c e m e n t  o f  a l l  o f  t h e  a l k a n e t h i o l a t o  l i g a n d s .  
The s t r o n g  i n t e r a c t i o n  be tw een  CFeCNO)^]^ and t h e  h e t e r o - a r o m a t i c  
s o l v e n t s  i s  o b s e rv e d ,  p a r t i c u l a r l y  i n  th e  c a s e  o f  p y r i d i n e ,  by th e  
m ag n itu d e  o f  t h e  h y p e r f i n e  c o u p l in g  t o  t h e  n i t r o g e n  i n  th e  s o l v e n t  
m o le c u le s .
4 . 3 . 4  A lk a n e th i o l a t o  l i g a n d  exchange, p r o c e s s e s ,  i n .  i r o n r - n i t r o s y l s
I n  th e  r e c o r d in g  o f  t h e  s p e c t r a  o f  [FeCNOÏgCSR)^]", t h e r e  was no 
s i g n i f i c a n t  v a r i a t i o n  i n  t h e  i n t e n s i t y  o f  t h e  o b s e rv e d  s p e c t r a  w i th  
tim e  i n d i c a t i n g  t h a t  t h e  e q u i l i b r i u m :
Fe2(SH )2(N 0)y  + 2RS" ^ = = ?  2 [F e(H 0)2 (S R )2 ] '
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i s  o b ta in e d  r e l a t i v e l y  q u i c k l y .  T h is  i s  u n l i k e  i n  t h e  s o l v o l y s i s  o f  
F e2(8R )2(N 0)y  i n  DMF w here  i t  was found  t h a t  t h e  i n t e n s i t y  o f  t h e  
o b se rv e d  s p e c t r a  was t im e  d e p e n d e n t .  A lthough  t h e  c o n c e n t r a t i o n  o f  
[FetNOOgCSR)^]" a p p e a re d  in d e p e n d e n t  o f  t im e ,  i t  was d e p e n d en t  upon 
t e m p e r a tu r e ,  t h e  m agn itude  o f  t h e  o b se rv e d  s p e c t r a  b e in g  s i g n i f i c a n t l y  
i n c r e a s e d  a t  lo w er  t e m p e r a t u r e s .
The f o r e g o in g  s e r i e s  o f  o b s e r v a t i o n s ,  namely ( i )  t h a t  t h e  r a t e  o f  
a l k a n e t h i o l  exchange i s  f a s t e r  i n  more p o l a r ,  c o o r d i n a t i n g ,  s o l v e n t s ;  
( i i )  t h a t  i n  t h e s e  s o l v e n t s  t h e  e s t e r s  FegCSRjgCNO)^ r e a d i l y  y i e l d  
m o n o -n u c lea r  s o lv o -c o m p le x e s ;  and ( i i i )  t h a t  exchange  o f  RS g ro u p s  
o c c u r s  r e a d i l y  i n  th e  m ononu clear  com plexes [FefSROgfNOjg]"; a l lo w  th e  
f o r m u la t io n  o f  a  t e n t a t i v e  mechanism f o r  t h e  exchange  r e a c t i o n .
[F e tS R } 2 (N 0 )2 ] '
[ F e C S R )  ( S R ' ) C N 0 ) 2 ] '
+ R S T
[F e (S R ']2 C N 0 )2 ]-
* n /V
- R ’ S "
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T his  scheme c o n t a i n s  a l l  t h e  p o t e n t i a l l y  im p o r t a n t  e q u i l i b r i a
in v o lv e d  i n  t h e  c o n v e r s io n  o f  F e2 ( 8 R)2 (N0 )^  t o  Fe^CSR’ )g(N O)^, and 
w i th  t h e  e x c e p t io n  o f  [FetNOOgCSRjCSR*)]", a l l  o f  t h e  com plexes i n  t h e  
scheme and a l l  o f  th e  i n d i v i d u a l  e q u i l i b r i a  have been  o b se rv e d  f o r  a t  
l e a s t  one c o m b in a t io n  R , R ' .  I n  s o l v e n t s  such  a s  p y r i d i n e ,  t h e  
exchange  a p p e a r s  t o  p ro ce e d  s o l e l y  v i a  CFe(N0 ) 2 L2 ^^> i n  s o l v e n t s  such  
a s  EtgNH; s o l e l y  v i a  FefN O Ï^fS R )!;  and i n  s o l v e n t s  such  a s  DMF, v i a  
b o th  r o u t e s .
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ITS HEAÇTJ_QNS j m
1R au ch fu ss  and W e a t h e r i l l  d e m o n s t ra te d  t h a t  t h e  y ^ - i o d o  complex 
Fe^IgCNO)^ i n  THF r e a c t s  w i th  t h i o l s ,  i n  t h e  p r e s e n c e  o f
t r i e t h y la m in e ,  i n  a  s y n t h e t i c a l l y  u s e f u l  r o u t e  t o  t h e  y A ^ - t h i o l a t o
complex FegCSRjgfNO)^.
FeglgCNO)^ + 2RSH + 2E t^N  ^FegCSRigCNO)^ + Et^NH I
2 —A^^2^2^^^^4  i s  a  u s e f u l  c a t a l y s t  f o r  a lk e n e  p o l y m e r i s a t i o n  "  , i n  
c o n n e c t io n  w i th  which i t  and i t s  r e a c t i o n s  have  been  e x t e n s i v e l y  
exara ined^"^ . The r e s u l t s  o f  c o n d u c ta n c e  m easu rem en ts  o f  d i l u t e  
s o l u t i o n s  o f  FeglgCNO)^ i n  DMF have  been  p r e v i o u s l y  r e p o r t e d  by P ia z z a  
and I n n e r t a ^ .  The m o la r  c o n d u c t i v i t y  t h u s  o b t a i n e d  w ere  c la im e d  t o  
d e m o n s t r a te  t h a t  t h e  complex was c o m p le te ly  d i s s o c i a t e d ;
Fe^IgCNO)^ + 21
and t h a t  th e  r e s u l t a n t  [Fe(NO) ] ’*' i o n  i s  e s s e n t i a l l y  u n s o l v a t e d .  I n  
c h a p t e r  4 , t h e  r e s u l t s  a r e  r e p o r t e d  o f  an  e . p . r .  s tu d y  o f  t h e  
d i s s o c i a t i o n  o f  Fe^CSRjgfNOjy i n  DMF i s  r e p o r t e d  i n  w hich t h e
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m o n o - iro n  s p e c i e s  FeCNCOgfSRÏfSolv) and [FefN O O gfSolv jg ]*  a r e  
c h a r a c t e r i s e d .  I n  t h i s  c h a p t e r  a  s i m i l a r  s tu d y  o f  Fe^I^CNO)^ and i t s  
r e a c t i o n s  w i th  t h i o l s ,  h a l i d e s ,  and p s e u d o h a l id e s  a r e  r e p o r t e d ,  and 
compared w i th  s p e c i e s  p roduced  from  i r o n ( I I )  s a l t s ,  n i t r i c  o x id e  and 
v a r i o u s  a n i o n i c  l i g a n d s ^ " " ^ T h e  s o l v e n t  dependence  o f  some o f  t h e s e  
r e a c t i o n s  i s  a l s o  r e p o r t e d  as  w e l l  a s  t h e  r e s u l t  o f  a  s tu d y  o f  t h e  
c o n v e r s io n  o f  Fe^I^CNO)^ i n t o  Fe^CSRjgCNO)^.
5 .2  E xpérim en ta l- .
5 .2 .1  M a te r i a l s ,  and_ I n s t r u m e n t s .
L i t e r a t u r e  methods^ were employed f o r  t h e  p r e p a r a t i o n  and
p u r i f i c a t i o n  o f  Fe^Br^CNO)^, Fe^IgCNO)^ and F e 2 (8 R )2 (N 0 )^ .  S o l u t i o n s  
f o r  e . p . r .  e x a m in a t io n s  w ere  p r e p a r e d  u s in g  d r y ,  r e d i s t i l l e d  
s o l v e n t s ,  d e o x y g en a ted  w i th  a  s t i r r i n g  n i t r o g e n  s t r e a m ;  a l l  
m a n i p u la t io n s  o f  s o l u t i o n s  w ere  made u n d e r  d ry  n i t r o g e n .  A l l  
c h e m ic a ls  employed w ere  A n a la r  g r a d e  o r  t h e  p u r e s t  a v a i l a b l e  and w ere  
d r i e d  b e f o r e  u s e .
E . p . r .  s p e c t r a  w ere  m easured  i n  1 mm q u a r t z  c a p i l l a r i e s  u s in g  a 
B ru k e r  ER 200D S p e c t r o m e te r .  D l - t - b u t y l  n i t r o x i d e  was employed as  t h e  
s t a n d a r d  i n  t h e  d e t e r m i n a t i o n  o f  l i n e  p o s i t i o n s ;  d ip h e n y l  p i c r y l  
h y d r a z y l  was used  a s  t h e  s t a n d a r d  i n  t h e  d e t e r m i n a t i o n  o f  t h e  
c o n c e n t r a t i o n  o f  p a ra m a g n e t ic  s p e c i e s .
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5 . 3 . 1  ln_, PMEL.
I n  c h a p te r  4 t h e  r e s u l t s  o f  an e x a m in a t io n  o f  t h e  d i s s o c i a t i o n  o f  
Fe2(SR )2(N 0)^  i n  v a r i o u s  s o l v e n t s ,  b u t  i n  p a r t i c u l a r  DMF, a r e  
r e p o r t e d .  The c o n c e n t r a t i o n  o f  p a ra m a g n e t ic  m o n o - iro n  s p e c i e s  t h u s  
g e n e r a te d  i n  DMF w ere  low . R e p e a t in g  t h i s  s t u d y ,  b u t  s u b s t i t u t i n g  t h e  
y A ^ - io d o  complex FeglgCNO)^ f o r  t h e  s o l u t e ,  p roduced  s o l u t i o n s  w hich 
e x h i b i t e d  s t r o n g  e . p . r .  s i g n a l s .  E x a m in a tio n  o f  d i l u t e  s o l u t i o n s  (2  
X 10*”^ M) o f  Fe^IgCNO)!! DMF y i e l d e d  s p e c t r a  a s s i g n a b l e  t o  a  s i n g l e  
( d e t e c t a b l e )  s p e c i e s ,  a  q u i n t e t  w i th  g - c e n t r e  c a . 2 .0 3 2  due to  
[Fe^^^N O )^]* . No d e t e c t a b l e  h y p e r f i n e  c o u p l in g  t o  e i t h e r  ^ ^ ^ I  ( I  = 
5 /2 )  o r  t h e  h yd rogens  o f  c o o r d i n a t e d  s o l v e n t  m o le c u le s  w ere  o b s e rv e d  
even  a t  low t e m p e r a t u r e s .  T h is  o b s e r v a t i o n  i s  c o n s i s t e n t  w i th  
c o n d u c ta n c e  m easurem ents  a t  t h i s  c o n c e n t r a t i o n ^ ,  which s u g g e s te d  
co m p le te  i o n i s a t i o n  o f  t h e  Fe^IgCNO)^^*
FeglgCNO )^ s-RCFeCNOjg]* + 21
OI n  a d d i t i o n  P ia z z a  and I n n o r t a  d e d u c ed ,  by a p p l i c a t i o n  o f  W alden’s 
r u l e  i n  t h e  form /y. x r ^  = c o n s t a n t  f o r  a  medium o f  f i x e d  v i s c o s i t y ,  
t h a t  t h e  c a t i o n  [Fe(N 0 ) 2 ]*  i s  u n s o lv a t e d  i n  t h e  c o n c e n t r a t i o n  ra n g e  5 
X 10“ ^ to  10*3 M.
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I n  t h e  e x a m in a t io n  o f  t h e  d i s s o c i a t i o n  o f  FegfSRjgfNO)^ i n  DMF 
d e s c r i b e d  i n  c h a p t e r  4 two d i f f e r e n t  s p e c i e s  w ere  o b s e rv e d ,  t h a t  o f  
Fe(NO)^(SR)(DMF) and [FefNCO^CDMFÏg]*, w i th  d e t e c t a b l e  h y p e r f i n e  
c o u p l in g  i n  a d d i t i o n  t o  t h a t  to  t h e  two n i t r o s y l  l i g a n d s ,  t o  b o th  t h e  
p r o to n s  on th e  C-S c a rb o n  o f  t h e  a l k y l t h i o l a t e  l i g a n d  and t h e  u n iq u e  
p r o to n  o f  th e  c o o r d i n a te d  s o l v e n t  m o le c u le s .  I n  an  e . p . r .  s tu d y  o f  
i r o n - h a l o g e n - n i t r o s y l s ^  t h e  g - c e n t r e  f o r  [FeCNO)^]^ was d e te rm in e d  t o  
be ca., 2 . 0 3 3  i n  w a t e r .  I t  sh o u ld  a l s o  be n o ted  t h a t  [FeCNOgCDMF)^]^ 
g e n e r a t e d  from FegfSRjgCNO)^, and [FeCNO)^]'^ from Fe^I^CNG)^, have 
i d e n t i c a l  g - c e n t r e s  and e s s e n t i a l l y  i d e n t i c a l  h y p e r f i n e  c o u p l in g s  t o  
t h e  n i t r o g e n  o f  t h e  two n i t r o s y l  l i g a n d s ;  t h i s  m ust be c o i n c i d e n t a l  i f  
[Fe^NO)^]* i s  u n s o lv a t e d  i n  DMF,
E x a m in a tio n  o f  FeglgCNO)^ o v e r  a  ra n g e  o f  c o n c e n t r a t i o n s  i n  DMF
showed th e  s p e c t r a l  c o m p o s i t io n  t o  be c o n c e n t r a t i o n  d e p e n d e n t .
S o l u t i o n s  o f  a b o u t  M p o s s e s s e d  i n  a d d i t i o n  t o  t h e  q u i n t e t  o f
[FeCNO)^]^ two o t h e r  c o m p o n e n t s ( f ig ,  5 . 1 ,  t a b l e  5 . 1 ) .  The f i r s t  o f
t h e s e  has  a  s i x  l i n e  s p e c t ru m , each  peak b e in g  o f  e q u a l  i n t e n s i t y ,
127w i th  a g - c e n t r e  ca.. 2 .053  and A( I ) :  19 .2  G. The second  h as  an
e le v e n  l i n e  sp e c t ru m  w i th  r e l a t i v e  i n t e n s i t i e s  1 : 2 : 3 : 4 : 5 : 6 : 5 : 4 : 3 : 2 : 1
127w ith  g - c e n t r e  c a . 2 .O7 9  and A( I ) : 20 ,6  G. These two s p e c t r a  a r e  
a s s ig n e d  t o  FeCNO)^! and [FeCNO)^!^]' ' r e s p e c t i v e l y ,  t h e  a s s ig n m e n t  
b e in g  b a sed  on th e  m u l t i p l i c i t y  o f  th e  ^ ^^ I  s p i n  o f  5 / 2 ,  and 
c o m p ar iso n  w i th  p r e v i o u s  a s s ig n m e n ts  o f  s p e c t r a  g e n e r a t e d  from 
i r o n ( I I )  s a l t s ,  n i t r i c  o x id e  and i o d i d e  i n  b o th  aqueous^  and 
e t h a n o l i c ^ ^  m ed ia .  F o r  b o th  o f  t h e  s p e c i e s  t h e  l i n e  w id th  (5 ^ ,  9 G)
i s  to o  l a r g e  f o r  r e s o l u t i o n  o f  any h y p e r f i n e  c o u p l in g  o f  t h e
C om posit ion  o f
PararaaK netics  f%
20
a  ! 4 . 0  2 . 0
Moles 'Fe_I_(NO).* x 10^’
P. .CFeCNO) ]^’
A Fe(NO)^I
O  [F e fX O ig l^ ] '
7
6
-Ln (C ono .) A  P a r a m a g n e t i c s
5
3
f 6 . 0 0.02 . 0
. Moles 'Fe^IgCNO)^» x 10'
F ig .  5 .2  C o n c e n t r a t i o n  o f  s p e c i e s  g e n e r a te d  from  F e2 l2 (N 0)4  DMF
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n i t r o g e n s  o f  t h e  n i t r o s y l  l i g a n d s ;  t h i s  i s  c o n s i s t e n t  w i th  p r e v i o u s  
o b s e r v a t i o n s  ,
The o b s e r v a t i o n  o f  c o n c e n t r a t i o n  d e p e n d en t  s p e c t r a  i s  c o n s i s t e n t  
w i th  th e  e x i s t e n c e  o f  a  s e r i e s  o f  in d e p e n d e n t  e q u i l i b r i a :
K. KaCFeCNO) .^] + 21" =^ = j =ss Z[Fe{m)^H  Fe^ï^CNO)^
Kg
CFeCNO)^] + [F e fN O g I g ] '
c h a r a c t e r i s e d  by t h e  e q u i l i b r i u m  -  K^, where
= [F e (M 0 ) 2 l ] / [ F e ( N 0 ) g ‘^ ] [ l “ ]
Kg = [F e g Ig (N O )^ ] / [F e (K O )g I ]^
and
Kg = [F e (N O )g * ][F e (N O )g Ig - ] / [F e g Ig (N O )y ] .
M easurem ents o f  t h e  a b s o l u t e  c o n c e n t r a t i o n s  o f  t h e  p a ra m a g n e t ic  i o n s  
by e . p . r ,  s p e c t r o s c o p y  were pe rfo rm ed  a t  240 K f o r  s o l u t i o n s  i n  t h e  
c o n c e n t r a t i o n  ra n g e  1 0 " ^ -1 0 " ^  mol dm"^ o f  ’u n d i s s o c i a t e d ^  Fegl^CNO)^^^ 
( f i g ,  5 . 2 ) ,  From t h e s e  r e s u l t s  t h e  c o n c e n t r a t i o n s  o f  t h e  d ia m a g n e t i c  
Fe^IgCNO)^ and i o d i d e  were c a l c u l a t e d  by d i f f e r e n c e .  V a lues  f o r  t h e  
e q u i l i b r i u m  c o n s t a n t s  K^-K^ w ere  d e te rm in e d  from  t h e  c o n c e n t r a t i o n s  
t h u s  o b t a i n e d :  lo g ^^ K ^ ,2 .5 8 + 0 .0 9 ;  log^Q K 2 ,2 .71± 0 .36  and
log^QKg,- 2 .7 8 + 0 .5 7 .
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I n  a d d i t i o n  to  t h e  i n d e p e n d e n t  e q u i l i b r i a ,  a  s e r i e s  o f  d e p e n d e n t  
e q u i l i b r i a  e x i s t :
Kr
[Fe^I^CNO)^ = ^ = = & = ^ 2 [F e (N 0 )g ] '* '  + 2 l “
K.
PFeCNOigI %^==&==^ [Fe(NO)g] + [FefNCOglg]'
c h a r a c t e r i s e d  by t h e  e q u i l i b r i u m  c o n s t a n t s  K^-K^, w here
Kj, = [Pe(H O)gIg"]/[Fe(NO)g*][l"]^ = K^^K^Kg,
Kg = [ F e ( H 0 ) 2 + ] 2 [ l - ] 2 / [ P e g I g ( N 0 ) y ]  = (K^^Kg)"''
and
Kg = [Fe(HO)g+][Pe(MO)gIg"]/[Fe(NO)gI] = KgKg.
T his  y i e l d s  v a lu e s  f o r  K^-K^ a t  240K o f :  lo g ^Q K ^,5 .10± P .38 ;
lo g ^ Q K ^ ,-7 .8 8 ± p .3 0  and lo g ^ g K ^ ,- 0 .0 7 + 0 .2 2 .  The p r e c i s i o n  o f  t h e  
v a lu e s  K^-Kg i s  low s i n c e  m easurem ent o f  a b s o l u t e  c o n c e n t r a t i o n s  by 
e . p . r .  s p e c t r o s c o p y  i s  a b o u t  +.10?. P r e c i s i o n  i s  f u r t h e r  re d u c e d  
s i n c e  t h e  t h r e e  p a ra m a g n e t ic  s p e c i e s  [FeCNO)^]’*^ , FeCNO)^! and 
[FeCNO)^!^]" d e m o n s t r a te  o v e r l a p p in g  s p e c t r a  i n  DMF and t h e  
c o n c e n t r a t i o n s  o f  Fe^I^CNO)^ and I "  w ere  d e te rm in e d  by d i f f e r e n c e .
H'C'j
Ul
w
t-J
w•aoo
n
a
(D
O
r\3H
Jatele.. 5...14 -Ë^p.jJif-j?gr-^ .g.feêrp- far_■<?jLg^ ,o,cA^ Jd pP- produo^s çf_Fe^Xg( nq,)^ .
-SpgQles & M ^ S ) / Q  AfX)^ZG
( i )  In-DHE FefNO)^* 2 . 0 3 2  2 .3
FeCN O g^^Cl^" 2 .036  2 .2  4 .7
FeCNOOgS^Clg" 2 .036  2 .2  4 .2
Fe(N0)2Br 2 .0 3 7  b 19 .2
FefNOigT^Brg" 2 .0 4 9  2 .5  18 .4
FefNCOg^^Brg" 2 .0 4 9  2 .5  2 0 .0
FeCNO)^! 2 .0 3 7  b 19 .2
FefNOOgIg" 2 .0 7 9  b 20 .6
(1 1 )  I n  THF FefNO)^! 2 .0 6 0  b 16 .6
FeCNO)^! 2 .0 8 0  b 2 0 .5
(111) I iL-H^O^ Fe(N0)2+ 2 .0 3 3  b
FefNOOgClg" 2 . 0 3 4  b 5 .3
FeCNOigBr 2 .0 3 9  b 19 .5
FeCNCOgBrg" 2 .0 4 5  b 19 .5
F e (N 0 )2 l  2 .0 5 5  b 2 0 .2
F e (N 0 )2 l2 “ 2 .0 7 0  b 2 0 .2
_ 3 5 ,3 7 / d C l ( I = 3 /2 ) ,  ? 9 ,8 l g p ( 2 = 2 / 2 ) ,  ^ ^ '^ I ( I= :5 /2 ) .a .  X
b .  Not r e s o l v e d
o .  D a ta  In  H^O from  r e f .  9 .
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5 . 3 . 2  <3^ .-.Ç>£- Ee ^ Æ^ L Q J - ^ a n d  . . . i ta .  1 g Pg_Kl.fcll.-b.al j.dag_aM .
p s e u d o h a l i d e s .
A d d i t io n  o f  p o ta s s iu m  i o d i d e  t o  a  DMF s o l u t i o n  o f  Fe^I^CNO)^ 
( 10“ ^ M) y i e l d e d  a sp ec tru m  composed o f  s i n g l e  d e t e c t a b l e  p a ra m a g n e t ic  
s p e c i e s ,  t h a t  o f  [FefN CO gl^]" ( f i g .  5 . 3 ) .  a d d i t i o n  o f  t h e  i o d i d e  
a f f e c t  t h e  e q u i l i b r i a ,  d e f i n e d  i n  5 . 3;1  by t h e  e q u i l i b r i u m  c o n s t a n t s  
K^-Kg t o  f a v o u r  [FeCNO)^!^]*”* S i m i l a r l y ,  a d d i t i o n  o f  e x c e s s  p o ta s s iu m  
brom ide y i e l d e d  a  s p e c tru m  composed s o l e l y  o f  a  s e p t e t  ( f i g .  5 . 4 ) ,  
i d e n t i f i a b l e  a s  [Fe(N 0 ) 2 Br2 ]~ t h e  a s s ig n m e n t  b e in g  b a sed  on th e  
m u l t i p l i c i t y  o f  t h e  two i s o t o p e s  o f  b rom ine ( I ( ^ ^ ^ ^ ^ B r )  = 3 / 2 ) and 
co m p ar iso n  w i th  p r e v io u s  a s s ig n m e n ts  o f  s p e c t r a  g e n e r a t e d  from  
i r o n ( I I )  s a l t s ^ * ^ ^ ,  ( t a b l e  5 . 1 ) .  As w i th  [Fe^NOO^Ig]" t h e  l i n e  w id th s  
a r e  l a r g e  i n  c om par ison  w i th  t h o s e  o b se rv e d  when a l k y l t h i o l a t o  l i g a n d s  
a r e  c o o r d in a te d  ( c f .  c h a p t e r  4 ) .  However, u n l i k e  [Fe^NCOglg]", 
r e s o l u t i o n  o f  h y p e r f i n e  c o u p l in g  t o  t h e  two n i t r o g e n s  o f  t h e  n i t r o s y l s  
i s  o b s e rv e d .
Bromine o c c u r s  a s  two e q u a l l y  a b u n d a n t  i s o t o p e s ,  w i th  i d e n t i c a l  
s p i n  ( I  = 3 / 2 ) .  T hree  i s o t o p i c  d i-b rom o s p e c i e s  e x i s t  i n  s o l u t i o n :  
[Fe(N 0 ) 2 ’^ ^Br2 ] “ , CFe(N0 ) 2*^^Br^*‘B r ]"  and [Fe^NCOg^^Brg]" i n  r e l a t i v e
abundances  1 : 2 : 1 .  The d i-b rom o  s p e c i e s  [Fe(N 0 ) 2^^B r2 ]~ and 
[Fe(N 0 ) 2  Br^]*" c o n t a i n  a  s i n g l e  i s o t o p e  o f  b rom ine  and t h e r e f o r e
s h o u ld  be o b s e rv e d  as  a  s e p t e t .  The d i-b rom o  s p e c i e s  
[Fe(N 0 ) 2^^B r^^B r]~  c o n t a i n s  two d i f f e r e n t  i s o t o p e s  o f  b rom ine  w i th  
^ i s o  v&luGs d i f f e r i n g  by 7 . 8%^^, i f  t h e  l i n e  w id th s  a r e  v e ry  s m a l l ,  
t h e n  t h e  o b se rv e d  sp e c t ru m  f o r  t h e  mixed i s o t o p i c  s p e c i e s  w i l l  be 
composed o f  a  q u a r t e t  o f  q u a r t e t s .  However, i f  t h e  l i n e  w id th  i s  to o
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F ig .  5 .5 ;  E . p . r .  sp e c tru m  o f  [FefNOOgClg]
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l a r g e  th e n  t h i s  s p e c i e s  w i l l  be  o b se rv e d  a s  a  s e p t e t .  Due t o  t h e  
r e d u c e d  l i n e  w id th s  o f  [FeCNOOgBrg]" compared t o  [FeCNO)^!^]” n i t r o g e n  
h y p e r f i n e  c o u p l in g  can  be r e s o l v e d .  R e s o l u t i o n  o f  t h e  i s o t o p i c
brom ine  h y p e r f i n e  c o u p l in g  i s  a l s o  a c h ie v e d ,  t h e  o b se rv e d  d i f f e r e n c e
7Q 81be tw een  A( B r ) ;1 8 .4 G  and A( B r ) ;2 0 .0 G  i s  8.755 which a g r e e s  q u i t e
w e l l  w i th  t h e  r a t i o  o f  A^^^ v a l u e s .  A A f o r  t h e  two i s o t o p e s  o f
brom ine  i s  1.6.G; t h e r e f o r e  f o r  t h e  s e p a r a t e  i s o t o p e s  t o  be r e s o l v e d  i n
[FefNOOg^^Br^^Br]" l i n e  w id th s  o f  l e s s  th a n  0.2G would be r e q u i r e d .
T h is  was n o t  o b t a in e d  and a s e p t e t  was o b s e rv e d .
I n  a d d i t i o n  t o  t h e  s p e c t ru m  o f  [FefNO^gBrg] , a  weak q u a r t e t  
a s s ig n e d  t o  th e  monobrorao s p e c i e s  FeCNOj^Br was o b ta in e d  by a d d i t i o n  
o f  s m a l l e r  q u a n t i t i e s  o f  b rom ide  t o  s o l u t i o n s  o f  Fe^I^CNO)^ i n  DMF. 
Due t o  poo r  r e s o l u t i o n  no h y p e r f i n e  c o u p l in g  t o  n i t r o g e n  was 
r e s o l v e d .  L ik ew ise  no i s o t o p i c  s p l i t t i n g  was o b s e rv e d  i n  t h e  b rom ine 
q u a r t e t .  As w i th  t h e  mono io d o  s p e c i e s  FeCNO)^!» t h e  m agn itude  o f  t h e  
h a l o g e n ’s h y p e r f i n e  c o u p l in g  i s  a b o u t  t h e  same a s  t h a t  o b s e rv e d  f o r  
th e  d i - h a l o  s p e c i e s .
A d d i t io n  o f  e x c e s s  p o ta s s iu m  c h l o r i d e  t o  a  s o l u t i o n  o f  FeglgCNO)^ 
y i e l d e d  a  t e m p e r a tu r e  d e p e n d e n t  s p e c t ru m .  At a m b ie n t  t e m p e r a t u r e ,  a 
s i n g l e  p a ra m a g n e t ic  s p e c i e s ,  t h a t  o f  [FetN CO gl^]"  was d e t e c t e d .  Low 
te m p e r a tu r e  e x a m in a t io n  o f  t h e  same m ix tu re  (205K) y i e l d e d  a sp e c t ru m  
c o n t a i n i n g  [FeCNOOgClg]" w i th  no [FeCNOOgl^]" d e t e c t a b l e  ( f i g .  5 . 5 ) .  
Warming t h i s  m ix tu re  t o  270K r e s u l t e d  i n  t h e  r e p la c e m e n t  o f  t h e  
sp e c t ru m  a s s ig n e d  t o  [FefNOOgClg]" by t h a t  o f  [Fe(N O )2l23"*  The r e a d y  
f o r m a t io n  o f  FeCNO^gBr^ (x = 1 ,2 )  from Fe^I^CNO)^ and t h e  o b s e rv e d  
te m p e r a tu r e  d e p e n d e n t  sp e c t ru m  o f  [FeCNO^gClg]" i s  e v id e n c e  t h a t ,  l i k e
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a l k y l t h i o l a t o  l i g a n d s ,  t h e  h a l i d e  i o n s  a r e  l a b i l e  t o  e x c h an g e .  The 
a b se n c e  o f  [FeCNO)^]*** and FeCNO)^! from  t h e  o b s e rv e d  sp e c t ru m  can  be 
e x p la in e d  by th e  s u b s t i t u t i o n  o f  c h l o r i d e  t o  form  F e^ C l^^C N O )which 
o n ly  r i n g  opens a t  low t e m p e r a t u r e s .  The a b sen c e  o f  any d e t e c t a b l e  
[F e fN O Ïg lg ]"  a t  low te m p e r a tu r e s  s u g g e s t s  t h a t  t h e  h a lo g e n  exchange  
e q u i l i b r i a  a r e  t e m p e r a tu r e  d e p e n d e n t .
L ik e  b ro m in e ,  c h l o r i n e  o c c u r s  a s  two n a t u r a l l y  o c c u r r i n g  
8 5  87i s o t o p e s .  Cl and C l ,  b o th  w i th  I  = 3 /2  i n  r e l a t i v e  abundance  3 : 1 .
Thus t h r e e  i s o t o p i c  d ic h o r o  s p e c i e s  e x i s t  i n  s o l u t i o n ;
[FeCNOOg^Scig]", [FeC N O g^^C l^ '^C l]"  and [FeCNOigS^Clg]" i n  r e l a t i v e
abundances  9 : 6 : 1 .  R e s o l u t i o n  o f  t h e  i s o t o p i c  c h l o r i n e  h y p e r f i n e
c o u p l in g  was a c h ie v e d .  The o b se rv e d  d i f f e r e n c e  be tw een  A(^^Cl) and
A (^ ^ C l) ,  i s  0.5G (10% ). w hich a g r e e s  w i th  t h e  r a t i o  o f  t h e  A^^^
17v a lu e s  o f  10% . I n  a d d i t i o n  t o  r e s o l u t i o n  o f  c h l o r i n e  i s o t o p i c
s p l i t t i n g  n i t r o g e n  h y p e r f i n e  c o u p l in g  i s  a l s o  a p p a r e n t .  U n l ik e  
s o l u t i o n s  p roduced  i n  e t h a n o l i c ^ ^  and aqueous^  m ix tu r e s  no Fe(N 0 ) 2 Cl 
was o b s e rv e d .
A d d i t io n  o f  p o ta s s iu m  f l u o r i d e  t o  ^ 6 2 1 2 ( ^ 0 )^  i n  DMF had no 
d e t e c t a b l e  e f f e c t  on t h e  e . p . r .  s p e c t r a ,  e v en  on lo w e r in g  th e  
t e m p e r a tu r e  t o  t h e  f r e e z i n g  p o i n t  o f  t h e  s o l v e n t .  A d d i t io n  o f  
cadmium, s i l v e r  and t h a l l i u m  f l u o r i d e s  l i k e w i s e  y i e l d e d  no s p e c t r a  
show ing f l u o r i n e  c o u p le d  to  [Fe(N 0 ) 2 ] ’** and i t  m ust be assumed t h a t  t h e  
h a lo g e n  exchange e q u i l i b r i u m  s t r o n g l y  f a v o u r s  t h e  io d o  com plexes .
-  94 -
A ssignm en ts  o f  g - c e n t r e s  f o r  [FefNOO^Xg]" (X = I ~ ,B r ~  and C l“ ) 
a g r e e  q u i t e  w e l l  w i th  t h o s e  p r e v i o u s l y  o b s e rv e d  f o r  s p e c i e s  g e n e r a t e d  
from i r o n ( I I )  s a l t s ,  n i t r i c  o x id e  and h a l i d e  i o n s ^ ’ ^ * ^ ,( ta b le  5 . 1 ) .  
L ik e w is e ,  t h e  h y p e r f i n e  c o u p l in g  c o n s t a n t s  a v a i l a b l e  f o r
com parison^*^^*^^  a g r e e  r e a s o n a b ly  w e l l .  Where r e s o l v e d ,  t h e  n i t r o g e n  
h y p e r f i n e  c o u p l in g  o f  t h e  two n i t r o s y l  l i g a n d s  i s  o f  t h e  same
m ag n i tu d e  a s  t h a t  o b s e rv e d  when a l k y l t h i o l a t o  l i g a n d s  a r e  com plexed .
The g - c e n t r e  f o r  t h e s e  [Fe(NO)^L_]~ com plexes  a r e  v a r i a b l e .  TheC" c.
g r e a t e r  t h e  mass o f  t h e  l i g a t e d  h a lo g e n  atoms and t h e i r  number t h e
g r e a t e r  t h e  s h i f t  i n  g - c e n t r e  t o  low f i e l d .
E x a m in a tio n  o f  FeglgCNO)^,^ i n  THF (10  ^ M) y i e l d e d  a  s i n g l e  s i x  
l i n e  s p e c tru m  a s s i g n a b l e  t o  Fe^NO )^!. E x a m in a tio n  o f  Fe2.l2(N0)^ o v e r  
a  r a n g e  o f  c o n c e n t r a t i o n s  i n  THF y i e l d e d  no o t h e r  d e t e c t a b l e  
p a ra m a g n e t ic  s p e c i e s .  T h e r e f o r e ,  u n l i k e  s o l u t i o n s  i n  DMF, a s i n g l e  
e q u i l i b r i u m  e q u a t io n :
FeglgCNO)^ 2F e(N 0)2 l
i s  s u f f i c i e n t  to  d e s c r i b e  s o l u t i o n s  o f  Fe2l2(N0)2j i n  THF.
I n  c h a p t e r  4 , s e v e r a l  d i f f e r e n t  mono a l k y l t h i o l a t o  s u b s t i t u t e d  
c om plexes ,  Fe(N0)2SR(L) ( I n s o l v e n t )  a r e  r e p o r t e d .  E x c e p t  when L=DMF 
no h y p e r f i n e  c o u p l in g  t o  s o l v e n t  was d e t e c t e d ;  t h i s  i s  u n s u p r i s i n g  f o r  
s o l v e n t s  such  a s  DMSO w h ere ,  assum ing  c o o r d i n a t i o n  i s  v i a  t h e  oxygen 
atom t h e  n e a r e s t  atom w i th  s p i n  (h y d ro g e n )  i s  s e p a r a t e d  from  t h e  
p a ra m a g n e t ic  c e n t r e  by t h r e e  a to m s .  However, i t  i s  s u r p r i s i n g  t h a t  no
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c o u p l in g  t o  e i t h e r  n i t r o g e n  o r  hyd rogen  i s  r e s o l v a b l e  when LzEtgNH. 
A lthough  r e s o l v a b l e  h y p e r f i n e  c o u p l in g s  a r e  a b s e n t ,  s o l v e n t  
i n t e r a c t i o n s  can  be c h a r a c t e r i s e d  by t h e  s o l v e n t  d e p e n d e n t  g - c e n t r e .  
I t  i s  n o te d  above t h a t  t h e  g - c e n t r e  o f  t h e  d i - h a l o  complex 
[PeCNOÏgXg]" i s  d e p e n d e n t  upon t h e  mass o f  t h e  s u b s t i t u t e d  h a lo g e n .  
I n  a d d i t i o n  t o  t h e  mass o f  t h e  s u b s t i t u t e d  h a lo g e n ,  t h e  g - c e n t r e  i n  
t h e  mono h a lo  s p e c i e s  Fe(N0 ) 2X i s  l i k e  FeCNOO^SR s o l v e n t  d e p e n d e n t  and 
a s i m i l a r  s o l v e n t  i n t e r a c t i o n  can  be assum ed.
On a d d i t i o n  o f  p o ta s s iu m  i o d i d e  to  s o l u t i o n s  o f  Fe^IgCNOj^ i n  
THF, t h e  s i x  l i n e  sp e c t ru m  o f  FeCNO)^!, i s  r e p l a c e d  by t h a t  o f  
[FefN O O ^Ig]" ' However, a d d i t i o n  o f  p o ta s s iu m  brom ide to  s o l u t i o n s  o f  
FeglgfH O )^ i n  THF y i e l d e d  e . p . r .  s i l e n t  s o l u t i o n s  a t  b o th  low and 
h ig h  t e m p e r a t u r e s .  T h is  a d d i t i o n  o f  brom ide t o  FeCNO)^! f a c i l i t a t e s  
h a lo g e n  exchange  t o  form  FefNOj^Br, which i s  i n  e q u i l i b r i u m  w i th  t h e  
d ia m a g n e t ic  d im er FegBrgCNO)^. I n  s o l v e n t s  such  a s  DMF s o l v e n t - s o l u t e  
i n t e r a c t i o n s  enhance  r i n g  o p en ing  o f  Fe2Br2 (N0 )^  t o  y i e l d  FeCNO^Br 
and [FeCNOÏgBrg]". THF i s  a  l e s s  e f f i c i e n t  r i n g  o p e n in g  s o l v e n t  th a n
DMF , and e x a m in a t io n  o f  FegCSRjgCNO)^ i n  THF a l s o  y i e l d e d  e . p . r .
s i l e n t  s o l u t i o n s .  T h is  i s  a l s o  found i n  t h e  s tu d y  o f  Fe^IgCNO)^ o v e r  
a  ra n g e  o f  c o n c e n t r a t i o n s  i n  THF, w here t h e  c o n c e n t r a t i o n  o f  FeCNO)^! 
was found  t o  be a b o u t  a  t e n t h  o f  t h a t  d e te rm in e d  i n  DMF. The s o l v e n t  
and b r id g i n g  l i g a n d  dependence  on th e  e q u i l i b r i u m :
FegCNOOyLg = ^ = i= 2 F e (N 0 )2 L
i s  c o n s i s t e n t  w i th  t h e  m ag n i tu d e  o f  t h e  F e-F e  d i s t a n c e .  The F e -F e  
d i s t a n c e  i n  Fe^IgCNO)^**^ i s  3.05%, w h i l s t  i n  F eg fS E tig fN O )^^^  i t  i s
CM
oo
CM
<uti»
-POcüû,M
L,
D,
M
VO
üO•H[14
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r e d u c e d  by 11$ t o  2 . 7 2 S, The bond a n g le s  Fe-X -Fe i n  t h e s e  two
compounds a r e  e s s e n t i a l l y  i d e n t i c a l ,  and i f  t h i s  i s  assumed t o  be t r u e
f o r  Fe^Br^CNO)^ a l s o ,  t h e n  by a p p l i c a t i o n  o f  a  r e a s o n a b le  e s t i m a t e  f o r
th e  Fe~Br bond d i s t a n c e  o f  2,38%^^ a  v a lu e  o f  a b o u t  2.8% f o r  t h e  F e -F e
1Qd i s t a n c e  i s  o b t a i n e d .  The d iam ag n e t ism  o f  t h e  d im e r ic  complex
has  been  e x p la in e d  as  b e in g  due t o  t h e  e x i s t e n c e  o f  a
22d i r e c t  Fe -Fe  bond and hence  t h e  g r e a t e r  t h i s  d i s t a n c e ,  t h e  more 
s u s c e p t i b l e  t h e  complex w i l l  be t o  d i s s o c i a t i o n .
A d d i t io n  o f  t h e  p s e u d o h a lo g e n s  NCO” , NCS” , and NCSe~ t o  DMF 
s o l u t i o n s  o f  Fe^IgCNO)^^ r e s u l t e d  i n  t h e  g e n e r a t i o n  o f  new e . p . r .  
s p e c t r a .  A d d i t io n  o f  NCS” y i e l d e d  t h e  complex [FefNOOgfNCS)^]" 
i d e n t i c a l  to  t h a t  p r e v i o u s l y  o b s e rv e d ^  i n  Fe(II)/NCS*"/NO r e a c t i o n s .  
A d d i t io n  o f  NCO” y i e l d e d  t h e  a n a lo g o u s  complex [FeCNOO^fNCOj^]" 
(g = 2 .0 3 0 ,  A(1^N)= 2.6G (2xNC0), 1.8G (2xN0) ( f i g .  5 . 6 ) .  A d d i t io n  o f
s e l e n o c y a n a t e  (NCSe) y i e l d e d  a complex weak sp e c t ru m  which co u ld  n o t  
be unam biguously  a s s i g n e d .
5 . 3 . 3
1R auch fuss  and W e a t h e r i l l  have  shown t h a t  a d d i t i o n  o f  a l k y l  
t h i o l s  and a  b a se  t o  THF s o l u t i o n s  o f  t h e  yU^-iodo complex Fe^I^CNO)^ 
y i e l d  F e 2 ( 8 R)2 (N0 )^  i n  a  p r e p a r a t i v e l y  u s e f u l  p r o c e d u r e :
FeglgCNO)^ + 2RSH + 2 E t ^ N  S^FegCSRigCNO)^ + Et^NH+l".
I n  t h i s  s e c t i o n  an e . p . r .  e x a m in a t io n  o f  t h i s  i n t e r c o n v e r s i o n  o f
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Fe^IgCNO)^ i n t o  FegfSRjgfN O)^ i s  r e p o r t e d .
E x a m in a tio n  o f  s o l u t i o n s  o f  FeglgCNO)^ i n  THF showed t h e  
e x i s t e n c e  o f  a  dimer/m onomer e q u i l i b r i u m ;
[FeCNOOgllg ZCFeCNO)^!]
A d d i t io n  o f  t h e  b a s e ,  t r i e t h y la m in e ,  t o  THF s o l u t i o n s  o f  Fe^I^CNO)^ 
y i e l d e d  e . p . r .  s p e c t r a  s i m i l a r  t o  th o s e  o f  t h e  y i^ - io d o  complex i n  
DMF:
[Fe(NO)gI]g 2F e(N 0 )g I------- > [FeCNO)^!^]" + FeCNO)^! + [FefNOOgIg]"
E . p . r ,  e x a m in a t io n  o f  FeglgfN O )^ i n  Et^N y i e l d e d  a  s p e c tru m  composed 
o f  a  s i n g l e  p a ra m a g n e t ic  s p e c i e s ,  t h a t  o f  [FeCNOjgCNEtg)^]* ( g - 2 , 0 3 0 , 
A(N)=4.7G, A(N)=2 . 2 G ). The o b s e r v a t i o n  o f  a  d i s o l v o  complex i s
n o te w o r th y  s i n c e  i t  d e m o n s t r a t e s  t h a t  t h e  n a t u r e  o f  t h e  b r id g i n g  
l i g a n d s  a f f e c t  t h e  s o lv e  com plex . I n  c h a p te r  f o u r  i t  i s  shown t h a t  
Fe2 ( 8 R)2 (N0 )^  form s raono-so lvo  com plexes (FeCNOOgfSRjtSolv)) i n  
a l i p h a t i c  a m in e s .  T h is  o b s e r v a t i o n  s u g g e s t s  t h a t  t h e  a l k y l t h i o l a t o  
g ro u p  bonds s t r o n g e r  t o  [FeCNO)^]^ th a n  i o d i d e .
What a p p e a r s  t o  happen  on a d d i t i o n  o f  t r i e t h y la m in e  t o  THF
s o l u t i o n s  o f  Fe^IgCNO)^ i s  t h a t  t h e  i o d id e  c o o r d i n a t e d  t o  FeCNO)^! i s
d i s p l a c e d  t o  y i e l d  [Fe(NO)_]^ c o o r d i n a te d  t o  Et_N, t h e  d i s p l a c e dc  5
i o d id e  th e n  combines w i th  FefN O jgl t o  y i e l d  [FefN O O glg]".
Et-N
FeCNOigI ------ 5----- =?» [FeCNGOgCNEt >2 ] + l “
FeCNOigI + 1“  SrCFeCNGOglg]'
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Et N
[FeC N O iglg]"-  ^  [F e (N 0 )2 (N E tg )2 ]+  + 21*
C o n tin u ed  a d d i t i o n  o f  t r i e t h y l a m i n e  d i s p l a c e s  t h e  i o d i n e  from  t h e  d i  
io d o  complex t o  y i e l d  [FefN C O ^fN E t^ jg]^ ,
A d d i t io n  o f  a  t h i o l  ( c h o s e n  th ro u g h o u t  a s  i - p r o p y l  m e rc a p ta n  f o r
s i m p l i f i e d  s p e c t r a l  a s s ig n m e n t ,  s i n c e  t h i s  t h i o l  c o n t a i n s  o n ly  a
s i n g l e  G t - p r o t o n )  t o  s o l u t i o n s  o f  i n  THF/Et^N m i x t u r e s
c a u se d  t h e  s p e c t r a  o f  [Fe(N O )2l23~ j Fe(N0 ) 2 l  and [Fe(NO)23*** t o  be
r e p l a c e d  by t h a t  composed o f  two p a ra m a g n e t ic  c om p lexes .  The f i r s t  o f
t h e s e  i s  a  d i n i t r o s y l  s p e c i e s  i d e n t i f i a b l e  a s  t h a t  o f  [Fe(NO)2 (SR )23~
and th e  se c o n d ,  a  m o n o - n i t r o s y l  s p e c i e s  w i th  no c o u p l in g  t o  hyd rogen
1Ar e s o l v e d  (g = 2 .0 4 0 ;  A( N )= 13 ,5G ). I n  c h a p t e r  4 t h e  r e v e r s i b l e
e q u i l i b r i u m ;
2[F e(N 0)2 (S R )2 ]~ :s= = = 2s[F e (N 0)2S R ]2  + 2RS*
i s  r e p o r t e d ,  and t h e  f o r m a t io n  o f  t h e  d i t h i o l a t o  complex can  th u s  be 
d e s c r i b e d ;
[FeCNCOgCNEt )g ]+  + FeCNOjglCHEt) + [FeCNOj^Ig]"I RSH
[FeCNOgCSR)^]'I
[Fe(N 0)2SR]2
The i d e n t i f i c a t i o n  o f  t h e  second  p a ra m a g n e t ic  s p e c i e s  i s  more 
d i f f i c u l t ;  i t s  sp e c tru m  i s  composed o f  t h r e e  e q u i v a l e n t  peaks w i th  no 
o t h e r  r e s o l v e d  h y p e r f i n e  c o u p l i n g .  T h is  s u g g e s t s  t h a t  t h e  s p e c i e s  i s  
a  m o n o - n i t r o s y l  com plex , b u t  f u l l  s p e c t r a l  a s s ig n m e n t  i s  p r e v e n te d  due
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t o  t h e  a b sen c e  o f  any o t h e r  r e s o l v e d  h y p e r f i n e  c o u p l in g s  i n  t h i s  
u n s t a b l e  s p e c i e s .  I n  t h e  p r e p a r a t i v e  c o n v e r s io n  o f  Fe^I^CNO)^ i n t o  
FegCSRjgCNO)^ i t  a p p e a r s  t h a t  t h e  m o n o - n i t r o s y l  s p e c i e s  i s  form ed i n  
o n ly  s m a l l  q u a n t i t i e s ,  s i n c e  t h e  s o l e  s p e c i e s  d e t e c t e d  i n  t h e  
r e c r y s t a l l i s e d  p r o d u c t  i s  t h e  d ia m a g n e t ic  d im e r ,  FegCSR^gCNO)^.
A d d i t io n  o f  RSH t o  a THF s o l u t i o n  o f  FeglgCNO)^, b e f o r e  t h e  
a d d i t i o n  o f  Et^N, r e s u l t e d  i n  a  d i f f e r e n t  sp e c t ru m  from t h a t  o b se rv e d  
i n  t h e  p r e s e n c e  o f  b a s e .  A d d i t io n  o f  b a se  caused  th e  r e p la c e m e n t  o f  
t h e  s i x  l i n e  sp e c t ru m  by t h a t  o f  t h e  e l e v e n  l i n e  sp e c t ru m  o f  
[ F e ( N 0 ) 2 l2 ] " .  T h is  o b s e r v a t i o n  can  be i n t e r p r e t e d  a s  r e s u l t i n g  from 
d i s p l a c e m e n t  by t h e  a l k y l t h i o l a t e  o f  i o d id e  t o  y i e l d  Fe(N0 ) 2SR w hich 
im m e d ia te ly  d im e r iz e s  t o  y i e l d  t h e  d ia m a g n e t ic  FegfSRjgCNO)^, The 
r e s u l t i n g  d i s p l a c e d  i o d i d e  com bines w i th  u n r e a c te d  FeCNO)^! t o  y i e l d  
t h e  d i - i o d o  s p e c i e s  [FefNOO^Ig]":
FeCNO)^! + RSH ^FefNCOgSR + H+ + l '
ZFeCNOigSR  ^Fe^fSRigCNOj^
FefNO)^! + 1“ -------->  [FeCNOjglg]'
A ccord ing  t o  B u r la raacch i  and co w o rk e rs^  t h e  f o r m a t io n  o f  t h e  d i - i o d o  
s p e c i e s  i s  enhanced  by a c i d i f i c a t i o n ,  which i n  t h i s  c a s e  r e s u l t s  from 
th e  a d d i t i o n  o f  t h e  t h i o l .  A d d i t io n  o f  Et^N t o  THF s o l u t i o n s  o f  
Fe^IgCNO)^ i n  t h e  p r e s e n c e  o f  an e x c e s s  o f  RSH y i e l d e d  d ia m a g n e t ic  
s o l u t i o n s .  A d d i t io n  o f  Et^N t o  m ix tu r e s  c o n t a i n i n g  i n s u f f i c i e n t  t h i o l  
f o r  co m p le te  s t o i c h i o m e t r i c  c o n v e r s io n  o f  Fe^IgCNO)^ c a u se d
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c o n v e r s io n  o f  t h e  d i - i o d o  s p e c i e s  [F e C N O ^ Ig ]"  i n t o  [FefNOOgfNEtgïg] 
a s  t h e  b a se  d i s p l a c e s  t h e  c o o r d in a te d  io d id e *
Et-N
[FefNOigIg]"-- ^  [FeCNOOgCNEtgig]*
I n  c o n t r a s t  t o  F eg lg (N O )^ , t h e  a l k y l  e s t e r s  o f  Feg(8R )g(N 0)^  undergo  
v e ry  l i t t l e  d i s s o c i a t i o n ,  even  i n  s t r o n g l y  p o l a r  s o l v e n t s ,  THF 
s o l u t i o n s  o f  F e g ( S R ) g ( N O ) a r e  e . p . r .  s i l e n t  and i t  can be assumed 
t h e r e f o r e  t h a t  d i s s o c i a t i o n  i n  p u re  THF can  be i g n o r e d .  I t  was found 
t h a t  r e a c t i o n  o f  Feglg(N O )^ w i th  a 1 0 0 - fo ld  e x c e s s  o f  i -P rS H  i n  THF 
y i e l d e d ,  even  i n  th e  a b sen c e  o f  any am ine , Feg(SPr^)g(NO)^j i n  93% 
y i e l d ,  t h u s  s u p p o r t i n g  t h e  above e q u a t i o n s .
A s e q u en c e  o f  e q u a t i o n s  can  t h e r e f o r e  be s u g g e s te d  f o r  t h e  
c o n v e r s io n  o f  Feglg(N O )^ t o  Feg(SR)g(NO)^ i n  THF s o l u t i o n s :
Feglg(N O )^i THF
RSH
Fe(NO) I
[Fe(N O )g]’
RSH
[Fe(NO)(SR) ] " ^ ---- 2 -^ » [F e  (SR) (NO) ]'
V 5 -^------------ 1 - /
E t NH+I"
[F e (N O )g Ig ]‘
Fe(NO)g(SR)
'SR
D im e r iz e s
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w ith  t h e  e x c e p t io n  o f  Fe(NO)gSR a l l  t h e  p a ra m a g n e t ic  s p e c i e s  i n  t h i s  
scheme were d e t e c t e d  by e . p . r .  s p e c t r o s c o p y .  T rie thylaram onium  i o d i d e  
i s  i n s o l u b l e  i n  THF, and i t  a p p e a r s  t h a t  i t s  p r e c i p i t a t i o n  i s  t h e  
d r i v i n g  f o r c e  to  t h e  f o r m a t i o n  o f  Feg(SR)g(NO)^^ i n  p r e p a r a t i v e l y  
u s e f u l  y i e l d s  when s t o i c h i o m e t r i c  q u a n t i t i e s  o f  r e a c t a n t s  a r e  
em ployed .
The seq u en ce  o f  r e a c t i o n s  l i s t e d  above i s  a t  l e a s t  p a r t i a l l y  
r e v e r s i b l e ,  i n  DMF. A d d i t io n  o f  i o d i d e  t o  Feg(SR)g(NO)^ i n  DMF 
y i e l d e d  [F e (N 0 )g Ig 3 "  a s  t h e  s o l e  d e t e c t a b l e  p a ra m a g n e t ic  s p e c i e s ,  
l i k e w i s e  a d d i t i o n  o f  b rom ide  y i e l d e d  [Fe(N O )gB rg]“ . A d d i t io n  o f  
c h l o r i d e  a p p e a re d  t o  have  no e f f e c t  on th e  o b se rv e d  s p e c t ru m ,  t h e  
sp e c t ru m  even a t  low t e m p e r a t u r e s  b e in g  composed s o l e l y  o f  a m ix tu r e  
o f  Fe(NO)g(SR)(DMF) and [Fe(NO)g(DMF)g]***.
The g e n e r a t i o n  o f  p a ra m a g n e t ic  m o n o - iro n  f r a g m e n ts  from 
Fe^X^CNO)^ i s  co u p le d  w i th  a  change i n  c o lo u r  from  r e d  to  g r e e n .  T h is  
c o l o u r ,  and h ence  th e  c o m p o s i t io n  o f  t h e  s o l u t i o n  i s  e a s i l y  a d j u s t e d  
by t h e  a d d i t i o n  o f  n o n - p o la r  s o l v e n t s ,  r e s u l t i n g  i n  t h e  f o r m a t io n  o f  
d ia m a g n e t i c  r e d  s o l u t i o n s .  S u b se q u e n t  a d d i t i o n  o f  p o l a r  s o l v e n t s  
r e g e n e r a t e s  t h e  g r e e n  s o l u t i o n  c o n ta i n in g  m o n o - iro n  f r a g m e n t s .  The 
i m p l i c a t i o n  o f  t h i s  o b s e r v a t i o n  i s  t h a t  i t  s u g g e s t s  a  s y n t h e t i c  r o u t e  
t o  new d ia m a g n e t i c  i r o n - n i t r o s y l  com plexes from p re fo rm ed  com plexes :
FeglgCNO)^
y FeCNOOgXg" — — Fe^X^CNO) ^
FegCSMeigCNO)^,
T h is  w i l l  be t h e  s u b j e c t  o f  i n v e s t i g a t i o n  by c o w o rk e rs .
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.CHAflEiLSIX.
JÆTERPDMmsiON DF.JBON-CHALCOGEN-NITROSYLS,
I n  c h a p t e r s  4 and 5 t h e  l a b i l i t y  o f  t h e  b r id g i n g  l i g a n d s  i n  
(%=halogenS;R8~) t o  exchange  i s  r e p o r t e d .
PT
In  t h i s  c h a p t e r  t h e  r e s u l t s  o f  an  i n v e s t i g a t i o n  i n t o  t h e  r e a c t i o n s  o f  
b o th  [Fe^S^CNO)^]” and Fe^8^(N 0)^  a r e  r e p o r t e d  and compared t o  th o s e  
o b t a i n e d  f o r  FegCSRÏgCNO)^; r e p o r t e d  i n  c h a p t e r  4 .
The t h r e e  b a s a l  i r o n  atoms i n  [F e^8^ (N 0)^ ]~  ( f i g  6 .1 )  have been  
d e s c r i b e d  a s  b e in g  a n a lo g o u s  t o  t h e  i r o n  atoms i n  and
have been  a s s ig n e d  th e  same fo rm a l  o x i d a t i o n  s t a t e  o f  - l ( d ^ ) ^ .  The 
a p i c a l  i r o n  i n  t h e  [F e^8g(N 0)y ]~  complex h a s  b een  compared^ t o  a 
c o r n e r  o f  t h e  cubane a n a lo g u e  Fe^S^(NO)^, and i s  t h u s  a s s i g n e d  a 
fo rm a l  o x i d a t i o n  s t a t e  o f  + 1 ( d ^ ) .  The c l o s e  a n a lo g y  be tw een  t h e s e  
t h r e e  may r e s u l t  i n  t h e  compounds* d e m o n s t r a t in g  s i m i l a r  c h e m i s t r i e s .  
The t e t r a - i r o n  complex [F e^8g(N 0)y ]~  i s  r e a d i l y  c o n v e r te d  i n t o  t h e  
d i a n i o n  [Feg^gCNO)^]"^ by r e f l u x  i n  aqueous  b a s e ^ * ^ ,  w h i l s t  r e f l u x  
w i th  s u lp h u r  y i e l d s  t h e  cubane a n a lo g u e  F e^8y (N 0)^^ .
FeySy(HO)y<—   [FeySgCMO)^]- —  *- S/ZCFegS^CNO)^]"^ + [Fe(N0)]+2
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These r e a c t i o n s  i l l u s t r a t e  t h a t  t h e s e  i r o n - n i t r o s y l  com plexes a r e  
c a p a b le  o f  i n t e r c o n v e r s i o n .
6 . 2
6 .2.1
L i t e r a t u r e  m ethods w ere  employed f o r  t h e  p r e p a r a t i o n  o f  
FeglgCNO)^^; [Fe(C O ).(N O )](PPN  and Fe(NO) (S ^ C N M e ^ ) / .
FegCSRjgfNO)^ was p r e p a r e d  e i t h e r  from t h e  c a rb o n y l  as  d e s c r i b e  i n  
c h a p t e r  2 o r  from Fe^IgCNO)^ a s  d e s c r i b e d  i n  t h e  l i t e r a t u r e ^ .  
Fe^8^(N 0)y was p r e p a r e d  as  d e s c r i b e d  i n  c h a p te r  4 from  [ F e ^ S ^ ( N O ) ^ . 
A l l  compounds s y n t h e s i s e d  i n  th e  exchange  r e a c t i o n s  w ere  
c h a r a c t e r i s e d  by c o m p a r iso n  w i th  a n a l y t i c a l  d a t a  o f  a u t h e n t i c  
s a m p le s .  A l l  c h e m ic a ls  employed were A n a la r  g ra d e  o r  t h e  p u r e s t  
c o m m e rc ia l ly  a v a i l a b l e .   ^%  l a b e l l e d  compounds w ere  p r e p a r e d  by 
m o d i f i c a t i o n  o f  t h e  p ro c e d u r e  l i s t e d ,  u s in g  9955 NaC^^NO^] (p u rc h a s e d  
from MSD I s o t o p e s ,  I n c . ) .
A l l  m a n ip u la t i o n s  w ere  pe rfo rm ed  i n  an  a tm o sp h e re  o f  d ry  
n i t r o g e n :  a l l  o r g a n i c  s o l v e n t s  w ere  t h e  p u r e s t  c o m m e rc ia l ly  a v a i l a b l e ,  
d r i e d  by c o n v e n t io n a l  m e th o d s ,  and purged  w i th  d ry  n i t r o g e n  b e f o r e  
u s e .
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Second d e r i v a t i v e  e . p . r .  s p e c t r a  w ere  r e c o r d e d  f o r  s o l u t i o n s  
g e n e r a l l y  o f  a b o u t  10"^mol dm” ^ , u s u a l l y  a t  240K, i n  1 mm q u a r t z  
c a p i l l a r i e s  u s in g  a B ru k e r  ER 200D s p e c t r o m e te r :  d i - t - b u t y l  n i t r o x i d e
was used  a s  t h e  s t a n d a r d  f o r  t h e  m easurem ent o f  l i n e  p o s i t i o n s .  
H y p e r f in e  c o u p l in g  c o n s t a n t s  f o r  n i t r o g e n  a r e  q u o te d  f o r  u n l e s s  
o th e r w i s e  s t a t e d .  Mass s p e c t r a  were o b ta in e d  u s in g  a n  AEI MS 902. 
n . m . r .  s p e c t r a  w ere  r e c o r d e d  on a B ru k e r  WP-80 i n s t r u m e n t .  I . r .
s p e c t r a  were r e c o r d e d  on a  P e rk in -E lm e r  1330 s p e c t r o m e te r :  u . v .
s p e c t r a  were r e c o r d e d  on a  Pye-Unicam SP8-100 s p e c t r o m e t e r .
R o u ss in s  B lack  s a l t ,  [Fe^S^(NO)^] was p r e p a r e d  by th e  f o l l o w in g  
a d a p t i o n  o f  t h e  method g iv e n  by B r a u e r^ ,  Sodium n i t r i t e  ( 8 .0 g )  and 
sodium s u lp h i d e  ( 1 1 .3 s )  were d i s s o l v e d  i n  w a te r  (80  m l ) .  T his  m ix tu re  
was h e a te d  t o  100^0  and FeSO^.TH^O ( 2 0 . Og) i n  w a te r  (160  ml) was 
added ; t h e  r e s u l t a n t  b l a c k  m ix tu r e  was e v a p o r a te d  to  d r y n e s s .  The 
r e s u l t i n g  s o l i d  was e x t r a c t e d  w i th  a c e to n e ,  and t h e  e x t r a c t  was 
f i l t e r e d  th ro u g h  h y f lo  s u p e r o e l l  and e v a p o ra te d  y i e l d i n g  a b o u t  3g o f  
c ru d e  [Fe^S^(NO)^]Na. The compound was b e s t  r e c r y s t a l l i s e d  from  w a te r  
t o  y i e l d  b l a c k  n e e d l e s .  A n a l y s i s .  I . r .  >)(N-0)/cm“  ^ 1790m, 1730s ,
1690m ( l i t ] ^ ' ^ ^  1790m, 1730s ,  1690m). U .v .  /mo. ( /m o l  dm"^cm~^)
560 (2 4 0 0 ) ,  350 (1 5 4 0 0 ) ,  260 (26700) T . l . c . ; s i n g l e  s p o t  moving w i th
s o l v e n t  f r o n t  a s  a  b ro w n /b la c k  s t r e a k  i n  m eth an o l  o r  a c e to n e  on a 
s i l i c a  p l a t e ,  non m o b ile  i n  e i t h e r  CH^Cl^ o r  p e t r o l .
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R e a c t i o n s , ( a )  With MeSNa, To NaLFe^S^CNO)^] (O .IOg) i n  DMF (30  ml) was
added MeSNa (O .IO g ) ,  The m ix tu re  was s t i r r e d  u n d e r  n i t r o g e n  f o r  one
hou r  and t h e n  d i l u t e d  w i th  50ml o f  CH^Cl^. The s o l u t i o n  was washed
w i th  w a te r  (4 x 250 m l ) ,  f i l t e r e d  and d r i e d  o v e r  MgSO^, The s o l u t i o n
was e v a p o ra te d  t o  s m a l l  volume, and m eth an o l  was added t o  p r e c i p i t a t e
t h e  p r o d u c t ,  Fe^(SM e)2 (N0 ) ^ ,  i s o l a t e d  i n  46% p u r i f i e d  y i e l d ,
c a l c u l a t e d  on th e  b a s i s  o f  Fe(N0 ) 2  f r a g m e n ts .  A n a l y s i s ,  I . r . ;
\>(NO)/cm“ '* 1815W, 1780s ,  1750s .  ( l i t .  1775, 1750, 173o"^^; 1778,
175 5 ^ ^ ) .  Mass s p e c t ru m ;  M/z 326  ( m o le c u la r  i o n ) ;  296 , 266 , 236 , 206
( s e q u e n t i a l  l o s s  o f  4 NO); 191, 176 ( s e q u e n t i a l  l o s s  o f  2 M e)^^.
12n . m . r .  i n  CDCl^ 2 .8 3  p .p .m .  ( l i t .  2 .8  p . p . m . ) .  T . l . c , ; s i n g l e  r e d  
s p o t  Rf=0.7 on 0 .2 5  mm s i l i c a  i n  4 0 /6 0  p e tro le u m  e t h e r .
(b )  With Me^NCSgNa. To a  s o l u t i o n  o f  Na[Fe^S^(NO)^] (0 .5 0 g )  i n  w a te r
(400  ml) was added NaOH (2 g )  and Me^NCS^Na ( 2g ) .  The m ix tu r e  was
s t i r r e d  f o r  an hou r  th e n  quenched  by a d d i t i o n  o f  CH^Cl^ (1 0 0 m l) .  The
o r g a n ic  l a y e r  was w ashed , d r i e d  o v e r  Na^SO^ , and t h e n  e v a p o ra te d  t o
d r y n e s s .  R epea ted  e x t r a c t i o n  o f  t h e  aqueous  l a y e r  w i th  f u r t h e r
CHgClg, fo l lo w e d  by w ashing  and d r y in g  y i e l d e d  f u r t h e r  p o r t i o n s  o f
s o l i d  m a t e r i a l .  The combined s o l i d s  w ere  r e c r y s t a l l i s e d  from
CH.Cl./CH.OH t o  y i e l d  Fe(NO)(S^CNMe.)_ (1 .0 3 g :  88% y i e l d  b ased  upon2 2 3 2 2 2
t o t a l  i r o n ,  354% b a sed  upon a p i c a l  i r o n ) .  A n a l y s i s ;  I . r .  V(NO)/cra"^ 
1690s ( l i t ^ ^ l 6 9 0 ) .  T . l . c : s i n g l e  g r e e n  s p o t  moving w i th  s o l v e n t  f r o n t
on 0.25mm s i l i c a  i n  CH^Cl^. E . p . r , ;  6 = 2 .0 3 8 ,  A(^^N)=13.2
( l i t ^ ^ g = 2 . 0 3 8 ,  A ( ^ \ ) = 1 4 . 4 G ) .
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( g ) P r e p a r a t i o n  o f  (PPNjgCFegSgCNO)^], To a s o l u t i o n  o f  NaCFe^S^CNO)^] 
(O .IO g) i n  w a te r  (100  ml) was added NaOH ( 0 . 5 g ) :  t h e  m ix tu re  was
r e f l u x e d  u n d e r  n i t r o g e n  f o r  15 m in u te s  b e f o r e  a d d i t i o n  o f  [PPNjCl (2g) 
d i s s o l v e d  i n  t h e  minimum volume o f  warm w a te r .  The w hole m ix tu re  was 
c o o le d  and e x t r a c t e d  w i th  CH^Cl^ (2  x 100 m l ) .  The e x t r a c t  was 
f i l t e r e d ;  and washed w i th  w a te r  (2  x 100  m l ) ,  and d r i e d  o v e r  MgSO^. 
The volume was re d u c e d  somewhat and t h e  p r o d u c t  p r e c i p i t a t e d  by t h e  
a d d i t i o n  o f  c o ld  p e t r o l .  Y ie ld  0 .0 3 1 g  (6.7% b a se d  upon t o t a l  i r o n ,  
7.5% b a sed  upon NO). A n a ly s i s ;  v(NO)/cm“  ^ 1815w, 1780s, 1 7 50s .  
E le m e n ta l  A n a ly s is  o b t a in e d  ( c a l c . )  C ;40.64% (4 0 .4 8 % ) ,  H; 2.81%
(2 .8 3 % ) ,  N; 10.47% (1 0 .4 9 % ).
6 . 2 . 3
( a )  With Me^NCS^Na. Me^NCS^Na ( 0 .2 7 g )  was added t o  a s o l u t i o n  o f  
Fej^Sjj^(NO)^ (O .IOg) i n  DMF (20  m l ) .  The m ix tu re  was s t i r r e d  a t  room 
t e m p e r a tu r e ,  u n d e r  n i t r o g e n ,  d u r in g  two h o u r s ,  and th e n  d i l u t e d  w i th  
50 ml o f  CH^Clg. The r e s u l t i n g  s o l u t i o n  was washed w i th  w a te r  (4  x 
500 m l ) ,  f i l t e r e d ,  and d r i e d  o v e r  MgSO^. The s o l u t i o n  was re d u c e d  t o  
s m a l l  volume, and i c e  c o ld  m e th a n o l  added t o  p r e c i p i t a t e  t h e  p r o d u c t ,  
Fe(NO)(SgCNMe^)^, i s o l a t e d  i n  94% p u r i f i e d  y i e l d .
(b )  With MeSNa. MeSNa (0 .7 0 g ;  10 mmol) was added t o  a  s t i r r e d  s o l u t i o n  
o f  Fe^S^(NO)^ ( 0 .4 7 g ;  1 .0  mmol) i n  DMF (20  m l ) .  The m ix tu r e  was
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r e f l u x e d  u n d e r  n i t r o g e n  d u r in g  2 h o u r s ,  and th e n  c o o le d .  T o luene  (100  
ml) was added d ro p w ise  t o  t h e  g r e e n  s o l u t i o n ,  v i a  a  p r e s s u r e - e q u a l i z e d  
d ro p p in g  f u n n e l ,  and t h e  r e s u l t i n g  r e d  s o l u t i o n  was f i l t e r e d  th ro u g h  a 
1 cm d e p th  bed o f  h y f l o ,  and e v a p o ra te d  t o  d r y n e s s .  The r e s i d u e  was 
d i s s o l v e d  i n  CH^Cl^ ( 3 0  m l ) ,  and washed w i th  w a te r  ( 1 0  x 200  m l) :  t h e  
o r g a n ic  l a y e r  was d r i e d  o v e r  MgSO^, The s o l u t i o n  was re d u c e d  t o  s m a l l  
volum e, and . t h e  p r o d u c t  p r e c i p i t a t e d  by a d d i t i o n  o f  i c e  c o ld  
m e th a n o l .  The p r o d u c t ,  Fe2 ( 8Me)2 (N0 )^  ( 0 .0 4 0 g ;  0 ,1 3  mmol; 13%) was
i s o l a t e d  by f i l t r a t i o n  and d r i e d  i n  vacuo .
6 , 2 . 4
( a )  With Na[Fe^Sg(N O)y]. To a  s o l u t i o n  o f  Na[Fe^Sg(NO)y] ( 0 .3 0 g )  i n  
DMF (50  ml) u n d e r  n i t r o g e n  was added I .O g o f  ( P r ^ 0 ) 2PS2Na, The 
m ix tu re  was s t i r r e d  f o r  10 h o u r s ,  and th e n  re d u c e d  t o  s o l i d .  T h is  
s o l i d  was d i s s o l v e d  i n  CH^Cl^ (50  ml) and t h e  s o l u t i o n  was washed w i th  
w a te r ,  and d r i e d  o v e r  MgSO^. Removal o f  t h e  s o l v e n t  gave  a v e ry  
l a b i l e  b l a c k  s o l i d ,  h a v in g  \)(N0 ) (CHCl^ s o l u t i o n ) ,  1800 cm“  ^ ( s h a r p  
and s t r o n g  a b s o r p t i o n ) .  A l l  a t t e m p t s  t o  p u r i f y  t h i s  m a t e r i a l ,  u n d e r  
n i t r o g e n ,  p roved  u n s u c c e s s f u l .
(b )W ith  Fe2 l 2 (N0 ) y .  S u b s t i t u t i o n  o f  Fe2 l 2 (N0 )^  f o r  Na[Fe^S (NO) ] 
y i e l d e d  t h e  same m a t e r i a l  a s  before*, no s u c c e s s f u l  p u r i f i c a t i o n  was 
a c h ie v e d .
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In  CHClg, v e ry  d i l u t e  s o l u t i o n s  o f  t h i s  b l a c k  s o l i d  y i e l d e d  
e . p . r .  s p e c t r a  i n d i c a t i v e  o f  t h e  p r e s e n c e  o f  two s p e c i e s ,  
c h a r a c t e r i s e d  by g = 2 .0 3 3 ,  A ( ^ \ ) = 2 . 3 G  (2N) o r  A(^^Ü)=3.2G (2N) and
g = 2 .0 3 0 ,  A(1*N)=2.2G (1 N) o r  A(^^N)=3.1G (1 N) r e s p e c t i v e l y .
I d e n t i c a l  s p e c t r a  w ere  o b t a in e d  from  t h e  r e a c t i o n  o f  (Pr^OOgPS^Na w i th  
Fe^S^(NO)^, FeglgCNO)^, NaCFe^S^CNO)^], FegfSMejgCNO)^, and 
FegC Splig fN O )^.
6 . 2 . 5  jSg^QMaSg-.,Qr..>£eI]10)
(a )W ith  Na^S. FeCNGOCSgCNMCgjg (0 .3 0 g )  was d i s s o l v e d  i n  1:1 v / v  
DMF/HgO (150 m l ) .  An a p p ro x im a te ly  1 0 - f o ld  e x c e s s  o f  Na^S was a d d e d ,  
and t h e  m ix tu re  was r e f l u x e d  u n d e r  n i t r o g e n  f o r  60 h o u r s .  The 
s o l u t i o n  was c o o le d ,  d i l u t e d  w i th  1 dm w a te r ,  f i l t e r e d ,  and washed 
w i th  CHgClg ( 8  X 100 m l ) .  The r e m a in in g  aqueous  l a y e r  was e v a p o r a te d  
t o  d r y n e s s ,  and t h e  r e s i d u e  d i s s o l v e d  i n  e t h e r  ( 1 0 0  m l) :  t h e  e t h e r
l a y e r  was washed w i th  w a te r  (4  x 250 m l) ,  and th e n  d r i e d  o v e r  MgSO^. 
Removal o f  t h e  s o l v e n t  y i e l d e d  0 .0 1 5g o f  Na[Fe^S^(NO)^] (11% y i e l d  
b a sed  upon i r o n ,  18% b a sed  upon n i t r o s y l  g r o u p s ) .
(b )W ith  MeSNa. A s o l u t i o n  o f  Fe(N0 ) ( S 2 CNMe2 ) 2  ( I .O O g; 3*1 mmol) and 
MeSNa ( 2 .0 g ;  28 .6  mmol) i n  DMF (20  ml) was r e f l u x e d  d u r in g  two h o u rs
u n d e r  n i t r o g e n .  The r e s u l t i n g  m ix tu r e  was c o o le d  and d i l u t e d  w i th  
t o lu e n e  (100  m l ) .  T h is  m ix tu r e  was red u c e d  t o  d r y n e s s ,  t h e  r e s i d u e
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was d i s s o l v e d  i n  CH^Cl^ ( 30ml) and t h e  r e s u l t i n g  s o l u t i o n  was washed 
w i th  w a te r  (10 x 200 m l ) ,  t h e  o r g a n ic  s o l u t i o n  was d r i e d  o v e r  MgSO^ 
and e v a p o ra te d  t o  s m a l l  vo lum e. T h is  s o l u t i o n  was a p p l i e d  t o  a  1.2m x 
2 .5  cm d ry  s i l i c a  ch rom atog raphy  column: a  r e d  p r o d u c t  Fe2 ( 8Me)2 (N0 )^
was e l u t e d  w i th  m ethanol/C H ^C l^  (2 0 :1  v / v ) ,  and i s o l a t e d  i n  24%
p u r i f i e d  y i e l d .
6 . 2 .6  m a c t l a ns. o f _..(PPNlIFeLCDJ^INQlJ..
( a )W ith  MeSNa, To a  s t i r r e d  s o l u t i o n  o f  (PPN)[Fe(CO)g(NO)] (I.O O g;
1 .4 0  mmol) i n  DMF (2 0  ml) was added a l a r g e  e x c e s s  ( 2 .0 g ;  28 .6  mmol o f  
MeSNa). The m ix tu re  was r e f l u x e d  u n d e r  n i t r o g e n  f o r  2 h o u r s ,  c o o le d ,
and f i l t e r e d  th ro u g h  h y f l o .  A f t e r  e v a p o r a t i o n  t o  d r y n e s s ,  t h e  r e s i d u e
was d i s s o l v e d  i n  CH^Cl^ ( 3 0  ml) and th e  r e s u l t i n g  s o l u t i o n  was washed 
w i th  w a te r  (10 x 200 m l ) .  The o r g a n ic  s o l u t i o n  was d r i e d  o v e r  MgSO^ 
and e v a p o ra te d  t o  s m a l l  volum e. T h is  s o l u t i o n  was a p p l i e d  t o  a  1 .2  ra
X 2 .5  cm s i l i c a  d ry  ch rom a tog raphy  column: a  r e d  p r o d u c t ,
F e2 ( 8Me)2 (N0 )y was e l u t e d  w i th  m ethanol/C H ^C l^  ( 20:1  v / v ) ,  and 
i s o l a t e d  i n  78% p u r i f i e d  y i e l d .
(b )W ith  s u l p h u r .  (PPN)[Fe(CO)g(NO)] (1 .6 3 g )  and e le m e n ta l  
s u l p h u r ( 1 .5 g )  w ere  d i s s o l v e d  i n  t o lu e n e  (200  m l ) .  The m ix tu r e  
im m e d ia te ly  t u r n e d  b l a c k ,  and e x a m in a t io n  by i . r .  s p e c t r o s c o p y  and 
t . l . G .  o f  an  a l i q u o t  removed from  t h e  f r e s h  m ix tu r e  r e v e a l e d  th e  
p r e s e n c e  o f  [F e^S g(N O )^]" .  The m ix tu re  was t h e n  r e f l u x e d  u n d e r
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n i t r o g e n  f o r  20 h o u r s ,  and th e n  e v a p o ra te d  t o  d r y n e s s .  The r e s i d u e  
was r e p e a t e d l y  e x t r a c t e d  w i th  CH^Cl^» and t h e  o r g a n i c  s o l u t i o n  re d u c e d  
t o  s m a l l  vo lum e. The p r o d u c t  was p r e c i p i t a t e d  by a d d i t i o n  o f  
m e th a n o l :  t . l . c . ,  and u . v .  and i . r .  s p e c t r o s c o p y  showed th e  p r o d u c t
t o  c o n s i s t  s o l e l y  o f  (PPN)[Fe^S^(NO)y] ( y i e l d  84% b a sed  upon NO). 
P ro lo n g ed  r e f l u x  (7 d a y s )  o f  (PPN)[Fe^S^(NO)^] w i th  an e x c e s s  o f  
s u lp h u r  i n  t o l u e n e ,  cau sed  no d e t e c t a b l e  c o n v e r s io n  t o  Fe^Sj^(NO)^.
6 .3 .1  JB&actioDÆ o f  R o u ss in Js .  Black. S a l t .
R ouss in  o b se rv e d ^ ^  t h a t  r e f l u x i n g  th e  d ia m a g n e t i c  [Fe^S^(NO)^]** 
i n  aqueous b ase  y i e l d e d  a  r e d  s o l u t i o n .  T h is  h a s  b e e n  i d e n t i f i e d ^  
a s  b e in g  due t o  t h e  f o rm a t io n  o f  t h e  d ia m a g n e t ic  d i a n i o n  
[F 8 2S2 (N0 ) ^ ] “ ^ ,  i s o l a b l e  e i t h e r  a s  a s a l t ^ ' ^  o r  by a l k y l a t i o n  w i t h  RI 
a s  F e2 (S R )2 (N 0)^^^ . The f o rm a t io n  o f  [^^ ^ ^ ^ (N O )^ ]"^  from 
[Fe^Sg(NO)y]~ can  be f o r m a l l y  d e s c r i b e d  a s  t h e  a b s t r a c t i o n  o f  
[Fe(N0 ) 2S ] “ g ro u p s  from  [Fe^S^(N O )^]“ , which t h e n  d i m e r i s e  t o  y i e l d  
[F 62S2 (N0 ) E x t r a c t i o n  and d i m é r i s a t i o n  o f  t h r e e  [F e(N 0 )2 S ]“ 
u n i t s  i n  [Fe^Sg(NO)y]~ l e a v e s  t h e  a p i c a l  [Fe(N O )]^*  which w i l l  be 
p a ra m a g n e t ic  i f  t h e  i r o n ' s  o x i d a t i o n  s t a t e ,  f o r m a l l y  d e s c r i b e d  a s  
+1(d ) ,  i s  r e t a i n e d .  Aqueous s o l u t i o n s  o f  [Fe^Sg(N O )y]"  a t  n e u t r a l  
pH a r e  e . p . r .  s i l e n t ,  b u t  i n  a l k a l i n e  s o l u t i o n  a  weak 3 - l i n e  e . p . r .  
s p e c tru m  was o b s e rv e d  ( g = 2 .027 , A(N )=4.7G ). The i n t e n s i t y  o f  t h i s
s p e c tru m  was fo u n d ,  a s  p r e v i o u s l y  observed^® , t o  i n c r e a s e  w i th  an 
i n c r e a s e  i n  pH, b u t  a t  any pH, t h e  i n t e n s i t y  d e c r e a s e d  w i th  t im e .  The
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o b s e rv e d  t r i p l e t  can  be a s s ig n e d  t o  a  s i n g l e  n i t r o g e n  (1=1) c o u p l in g  
t o  t h e  p a ra m a g n e t ic  c e n t r e ,  and t h i s  s p e c tru m  i s  a s s ig n e d  t o  t h e  
f ra g m e n t  [Fe(NO) from  t h e  a p i c a l  s i t e  i n  [F e ^ 8 g (N 0 )y ]" .
[ Fe ^ S^ ( NO) ^ ] " — 3/ 2  [FegSg^NO)^]"^ + [Fe(N 0)]+ 2
I t  can  be i n f e r r e d  from  th e  a b s e n c e  o f  any p a ra m a g n e t ic  d i - n i t r o s y l  
complex i n  t h e  e . p . r .  e x a m in a t io n  t h a t  t h e  e q u i l i b r i u m  ( e q u a t i o n  1)
2[Fe(HQ)^S]"".^= r = ^  tF e 2 S 2 (N 0 )^ ]“ ^ (1 )
s t r o n g l y  f a v o u r s  t h e  d im er  i n  aqueous  b a s e .  I n  t h e  s tu d y  o f  t h e  a l k y l  
a n a lo g u e s  o f  Fe2(SR )2(N 0)^  i n  DMF r e p o r t e d  i n  c h a p t e r  4 i t  was found  
t h a t  e q u i l i b r i u m  (2 )
[ F e ( N 0 ) 2 ( S o l v . ) 2 ] *
:^zz±: Fe^(SR)^(NO)„ (2 )'2 '  ' 2 '  '4
F e (N 0 )2 (S R )(S o lv . )
l i e s  f u r t h e r  t o  t h e  l e f t  th a n  e q u i l i b r i u m  ( 1 ) .
The d i f f e r e n c e s  be tw een  t h e  monomer/dimer e q u i l i b r i u m  be tw een  DMF 
and w a te r  s u g g e s t s  t h a t  DMF m ig h t  be a b e t t e r  s o l v e n t  f o r  g e n e r a t i n g  
m o n o -iro n  f r a g m e n t s ,  i n  p a r t i c u l a r  f o r  g e n e r a t i n g  ’Fe(N0 ) 2 ' 
co m p lex es .  S o l u t i o n s  o f  [Fe^Sg(NO)y]~ i n  DMF w ere  fo u n d ,  u n l i k e  t h e i r  
c o u n t e r p a r t s  i n  d i s t i l l e d  w a t e r ,  t o  y i e l d  v e ry  weak and complex 
e . p . r .  s p e c t r a  i n d i c a t i v e  o f  t h e  p r e s e n c e  o f  a t  l e a s t  t h r e e  
p a ra m a g n e t ic  s p e c i e s ,  b u t  t h e s e  s p e c t r a  w ere  t o o  p o o r ly  r e s o l v e d  f o r
g=2,027
5G
=2.021
F i g .  6 .2 ;  E . p . r .  s p e c tru m  o f  [F e (^ ^ N 0 )2 (S P r^ )2 3  and 
[ F e ( ’ '*K 0)(SPr^)2]“ .
g=2,027
I
F i g .  6 . 3 ;  E . p . r .  s p e c tru m  o f  [Fe(  ^^N0)2(SPr*^)2] and
[F eC lS N O iC S P rl)^ ]" .
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r e l i a b l e  a s s ig n m e n t .  A d d i t io n  o f  sodium  h y d ro x id e  t o  s o l u t i o n s  o f  
[Fe^S^CNO)^]*" i n  DMF c a u se d  no d e t e c t a b l e  change  i n  t h e  r e c o r d e d  
e . p . r .  s p e c t ru m .  T h is  d i s p a r i t y  be tw een  w a te r  and DMF mçiy p e rh a p s  bo 
e x p la in e d  by t h e  low s o l u b i l i t y  o f  t h e  b a se  i n  DMF.
I n  c h a p t e r  4 i t  was d e m o n s t ra te d  t h a t  a d d i t i o n  o f  RSNa t o  DMF 
s o l u t i o n s  o f  F e2 ( 8 R)2 (N0 )^  c a u se d  t h e  g e n e r a t i o n  o f  s t r o n g  e . p . r .  
s p e c t r a  c o n t a i n i n g  t h e  m o n o - iro n  complex [FeCNOjgCSR)^]". R e p e a t in g  
t h i s  s tu d y  s u b s t i t u t i n g  [Fe^^S^CNO)^]” a s  t h e  i r o n - n i t r o s y l  s u b s t r a t e  
c a u se d  th e  p r o d u c t i o n  o f  a  s e r i e s  o f  i n t e n s e  e . p . r .  s p e c t r a .  The 
r e s u l t i n g  s o l u t i o n s  c o n ta in e d  two com plexes ,  t h e  f i r s t  b e in g  t h e  
d i - n i t r o s y l  [FeCNOOgfSR)^]", i d e n t i f i e d  by co m p a r iso n  w i th  s p e c t r a  
g e n e r a t e d  from  FegCSRjgtNO)^ and t h e  second  a  r a o n o - n i t r o s y l  complex 
( t a b l e  6 . 1 , f i g .  6 . 2 ) .
' -1 - 1 
• i
 da j^ a - fo rJ :F e ,d lN P J ^ .( ,S R l^ :_  and_lFe.( ^^N.O) (S R ), V
[FefNOOgCSRig]" [Fe(N 0)(8R ) ]"
R 6 A (1*N)/G A(‘^ H)/G g A (1^N)/G
H 2 , 0 2 8 2 .7 0 .5 2 . 0 2 0 5 .0
Me 2 . 0 2 8 2 .1 2 .1 2 .0 2 1 4 .5
E t 2 .027 2 . 0 2 . 6 2 .0 2 1 4 ,6
Pr^ 2 .027 2 .5 1 .3 2 ,0 2 1 5 .0
Bu^ 2 .027 2 .7 — 2 .0 2 1 5 .0
PhCHg 2 .027 2 .4 1 .4 2 .0 2 1 4 ,8
The m o n o - n i t r o s y l  com plexes t h u s  p roduced  a r e  s i m i l a r  t o  t h a t  p roduced
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by t h e  a c t i o n  o f  b a s e  on aqueous  s o l u t i o n s  i n  t h a t  t h e  o n ly  r e s o l v e d  
h y p e r f i n e  c o u p l in g  was t h a t  be tw een  t h e  p a ra m a g n e t ic  c e n t r e  and t h e  
s i n g l e  n i t r o s y l  l i g a n d .  A lthough  no r e s o l u t i o n  o f  any h y p e r f i n e  
c o u p l in g  t o  any (X -p ro to n s  o f  l i g a t e d  RS” was a c h ie v e d ,  i t  can  be
assumed t h a t  RS” i s  l i g a t e d ,  s i n c e  t h e  m ag n itu d e  o f  t h e  c o u p l in g
v a r i e d  w i th  t h e  d e g re e  a t  s u b s t i t u t i o n  o f  t h e  oC -ca rbon . T h is  i s  a s
w i th  [FeCNOOgfSR)^]" ( o f .  c h a p t e r  4) where t h e  m agn itude  o f  t h e  
n i t r o g e n ' s  h y p e r f i n e  c o u p l in g  i s  l i k e w i s e  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  
d e g re e  o f  s u b s t i t u t i o n  o f  t h e  added t h i o l a t e .  The o b s e r v a t i o n  o f  a  
v a r i a t i o n  o f  A(N) w i th  R, and t h e  a s su m p t io n  o f  f o u r - c o o r d i n a t e  i r o n ,  
a s  i n  [Fe(NO)2 (SR)2 3” l e a d  t h e n  t o  a  t e n t a t i v e  a s s ig n m e n t  o f  t h e
c o n s t i t u t i o n  [ F e ( S R ) ^ ( N O ) t o  t h e s e  s p e c i e s :  i f  t h e s e  s p e c i e s  w ere  
form ed from t h e  a p i c a l  i r o n  o f  [Fe^S^(K 0 ) ^ 3“ w i th o u t  change o f  
o x i d a t i o n  s t a t e ,  t h e n  x=1. I t  was found t h a t  a d d i t i o n  o f  R 'S ” t o  DMF
s o l u t i o n s  c o n t a i n i n g  [F e (N 0 )(8 R )g 3 "  cau sed  a  change i n  t h e  m agn itude
o f  A(N) t o  t h a t  a p p r o p r i a t e  f o r  [ F e (N 0 ) ( 8 R ') g 3 " ,  w hich had been  
g e n e r a t e d  from  t h e  a c t i o n  o f  R '8~ on [F e^8 2 (NO)^3” . T h is  d e m o n s t r a te s  
t h a t ,  a s  i n  [Fe(NO)2 (SR)2 3~i t h e  a lk a n e  t h i o l a t o  l i g a n d s  i n
[Fe(N 0)(8R )g3~ a r e  l a b i l e  t o  e x ch an g e .  The a b s e n c e  o f  any r e s o l v e d  
h y p e r f i n e  c o u p l in g  to  hydrogen  i n  t h e  8 R g ro u p s  may be t h e  r e s u l t  o f  a
s m a l l  A(H) v a lu e  combined w i th  a l a r g e  l i n e  w id th  ( c a . 2 .5 G ) ,  o r  t h e
consequence  o f  f a s t  l i g a n d  e x c h an g e .
The i s o t o p e s  and  ^ d i f f e r  b o th  i n  t h e i r  s p in  (1 = 1 /2  v s  1=1) 
and a l s o  i n  t h e  m ag n itu d e  o f  t h e i r  A^^^ v a lu e s  (29% )^^. The ^
a n a lo g u e  o f  [Fe^8g(N 0)y3~ was t r e a t e d  w i th  R8“ i n  DMF t o  c o n f i rm  t h e
s p e c t r a l  a s s ig n m e n ts  above and a l s o  th o s e  r e p o r t e d  i n  c h a p t e r  4 f o r
t h e  complex [Fe(N 0 ) 2 ( 8 R)23"  g e n e r a t e d  from  F e2 ( 8 R)2 (N0 )y ( t a b l e  6 . 2 ,
116
f i g .  6 . 3 ) .
 ^  rr,^ o ,15^m\ T--TP3  n r -  
[Fe(N 0 ) 2 (SR) [Fe(N 0)(8R ) ] -
R g A (‘^ ^N)/G A(**H)/G g A(^^N)/G
H 2 . 0 2 8 3 .6 0 .5 2 . 0 2 0 6 .9
Me 2 .027 3 .0 2 .1 2 .0 2 1 6 .9
E t 2 .027 3 .6 2 . 0 2 .0 2 1 6 .7
Pr^ 2 .027 3 .6 1 .3 2 .0 2 1 7 .0
Bu^ 2 .027 3 . 8 2 ,0 2 1 7 . 0
PhCHg 2 .027 3 .3 1 .5 2 . 0 2 1 6 .9
15 14The r a t i o  A N/A N f o r  each  o f  t h e s e  com plexes a g r e e s  r e a s o n a b ly  w e l l
w i th  t h a t  o f  A?  ^^N/A° and th u s  c o n f i rm s  t h e  a s s ig n m e n ts ,i s o  i s o
As w i th  t h e  o b s e r v a t i o n s  o f  FegfSROgCNO)^ i n  DMF ( c f .  c h a p t e r  4) 
th e  s p e c t r a l  s t r e n g t h  was d e p e n d e n t  upon t h e  c o n c e n t r a t i o n  o f  t h e  
b a se  RS~. S p e c t r a l  c o m p o s i t io n  was found t o  be t e m p e r a tu r e
d e p e n d e n t :  f o r  a  t y p i c a l  m ix tu re  w here R=Me t h e  i n i t i a l  c o n c e n t r a t i o n
r a t i o  o f  [Fe(SM e)2 (N0 ) 2 ] ” / [F e (S M e )^ (N 0 ) I " ,  m easured  im m e d ia te ly  a f t e r  
a d d i t i o n  o f  RS” , was 1 :2  a t  290K and £â.. 4:1 a t  240K. The
t e m p e r a tu r e  dependence  o f  t h e  r a t i o  i s  c o n f i rm e d  by v a r i a b l e  
t e m p e r a tu r e  e x a m in a t io n  o f  t h e  m ix t u r e s ,  t h e  r e l a t i v e  r a t i o s  
r e v e r s i b l y  ch a n g in g  w i th  t e m p e r a t u r e .  The m onoanion [Fe^S^(NO)^]*" i s  
composed o f  a 3: 1  r a t i o  o f  Fe(N 0 ) 2 /F e (N 0 ) , hence  i f  t h e  compound w ere  
t o  be s p l i t  up i n t o  m o n o - iro n  f ra g m e n ts  t h e n  a  3 :1  r a t i o  o f  
Fe(N0 ) 2 /F e (N 0 ) would be o b s e rv e d .  I n  c h a p t e r  4 i t  i s  shown t h a t
-  117 -
[FefNCOgCSRÏg]" e x i s t s  i n  an e q u i l i b r i u m  w i th  t h e  d i n u c l e a r  
F e2 ( 8 R)2 (N0 )y  ( e q u a t i o n  3 ) .
2 [F e (N 0 )2 (8 R )2 ]" ;F = = = ^ F e 2 (8 R )2 (N 0 )y  + 2R8~ (3)
At am b ien t  s p e c t r o m e te r  t e m p e r a tu r e  t h e  e q u i l i b r i u m  f a v o u r s  t h e  
d i - i r o n  com plex , b u t ,  a s  t h e  t e m p e ra tu re  i s  lo w e re d ,  t h e  m o n o -iro n  
complex becomes more f a v o u r e d .  T his  e x p l a i n s  t h e  t e m p e r a tu r e  
dependence  o f  t h e  s p e c t r a  from  th e  r e a c t i o n  o f  [F e ^ 8 2 (N0 )y ]~  w i th  
RST. The r e a c t i o n  o f  [F e^8g (N 0)y ]~  w i th  RS“ i n  DMF c a n  be sum m arised ,
[Fe^jS^(NO)^]“---------------- [F e (N 0 ) (8 R )g ] -x  + 3 /2 { 2 [ F e ( M 0 ) g ( S R ) g ] - ; ^ = ^ F e g ( 8 R ) g ( N 0 ) ^ )
[ 3 F e ( - 1 ) ( b a s a l ) , 1 F e ( + 1 ) ( a p i c a l ) 3 ------>  Fe (+ 1)  + 3 F e ( -1 )
When R=Alkyl, t h e  complex [Fe(N 0 ) 2 (SR)2 ] ’* a p p e a r s  t o  be t h e  p r e c u r s o r  
o f  Fe2 (SR)2 (N0 ) ^ ,  s i n c e  t h e  r e a c t i o n  o f  MeS“ w i th  [Fe^S^(N O )^]” 
y i e l d e d  Fe2 (SMe)2 (N0 )^  i n  a  H6% p u r i f i e d ,  i s o l a t e d  y i e l d .  On th e  
o t h e r  hand , r e a c t i o n  o f  PPN*lFe^8g(N0)y3~ w i th  Na8 H y i e l d e d  
(PPN’*’) 2 [F e2S2 (NO)j^3*'^> t h e  f o r m a t io n  o f  which may be d e s c r i b e d ,  t h u s :
[ F e ^ ^ 2 ( N 0 ) y ] - ---------------------- [ F e ( 8 H ) 2 ( N 0 ) 2 3 “ ------------ ^  F @ 2 ( 8 H ) 2 ( N 0 ) y
+SH [Fe^8^(N 0)_3~^-H_8 ‘■ " 2  2 4-
I n  g e n e r a l  t h e  a n io n s  [ F e ( 8 R)2 (N0 ) 23~ l o s e  one  mole o f  R8~ t o  y i e l d  
F e 2 (SR)2 (N0 )^ :  i f  R = a lk y l ,  t h i s  i s  t h e  p ro d u c t  w hich i s  i s o l a t e d ,  b u t
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DMF s o l u t i o n s  o f  tFe^S^CNO)^]" r e a c t  w i th  RS” i n  t h e  p r e s e n c e  o f  
NO” to  y i e l d  s p e c t r a  composed s o l e l y  o f  d i - n i t r o s y l  i r o n  f r a g m e n t s .  
Im m edia te  e x a m in a t io n  o f  m ix tu re s  c o n ta i n in g  [ F e ^ S ^ C ^ N 0 )^ ]“ , ^^NO”
and RS" y i e l d e d  s p e c t r a  composed o f  a  3 :1  m ix tu re  o f  t h e  two s p e c i e s  
[Fe(^^NO) ( S R ) - ] ” and [Fe(^^NO)(^^NO)(SR) ] ” , L ik e w is e ,  im m ed ia tec d
e x a m in a t io n  o f  m ix tu r e s  c o n t a i n i n g  [Fe^S^C^^N0)^]“ , ^^ÜO” and RS“
y i e l d e d  s p e c t r a  composed o f  a  3:1  m ix tu re  o f  t h e  two s p e c i e s  
[Fef^^NOOgfSRjg]" and [ F e ( ^ \ o ) ^ N O ) ( S R ) ^ ] " .  T h is  s u g g e s t s  t h a t  a l l
o f  t h e  m o n o - n i t r o s y l  s p e c i e s  have  r e a c t e d  w i th  n i t r i t e  t o  y i e l d
1 1 8 -  ' I I
when R=H, d e p r o t o n a t i o n  i s  e f f e c t e d  by e x c e s s  SH , fo l lo w e d  by th e  
p r e c i p i t a t i o n  o f  t h e  s a l t  (PPN *)[Fe2 8 2 (N0 ) ^ ] ” ^ .  I n  s u p p o r t  o f  t h i s  
s u g g e s t i o n  t h a t  t h e  i n i t i a l l y  formed F e2 (SH)2 (N0 )^  i s  d e p r o to n a te d  i n  
t h e  p r e s e n c e  o f  e x c e s s  SH” , i t  s h o u ld  be n o te d  t h a t  Beck i n  h i s  
p r o t o n a t i o n  o f  t h e  a n io n  r e q u i r e d  t h e  u se  o f  a c i d s  a s
s t r o n g  a s  t r i f l u o r o a c e t i c  a c id  o r  HBFj^,
R e a c t io n  o f  t h e  sodium s a l t  o f  [Fe^Sg(N O)y]” , w hich c r y s t a l l i s e s  
from  w a te r  a s  a  m onohydra te ,  w i th  e le m e n ta l  s u lp h u r  i n  DMF, y i e l d e d  an 
e . p . r .  s p e c t ru m  which i n d i c a t e d  a m ix tu re  o f  [FefSHOgfNOjg] and 
Fe(N 0 ) 2 (SH)6SH2 ) » t o g e t h e r  w i th  a  t r a c e  o f  m o n o - n i t r o s y l  
[Fe(SH ^)(N O )]” . The m o n o - n i t r o s y l  s p e c i e s  g e n e r a t e d  i n  a l l  o f  t h e s e  
e x a m in a t io n s  d i s a p p e a r e d  w i th  t im e ,  and i n  a l l  c a s e s  had d i s a p p e a r e d  
a f t e r  two days  l e a v i n g  o n ly  t h e  sp e c tru m  o f  [Fe(N 0 ) 2 ( 8 R)2 ]~ .
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d i - n i t r o s y l  s p e c i e s .
[F e^ 8 g(N0 ) y ] ” ----------------[Fe(N O)2(SR)23“ + [Fe(NO) (SR)^]'
_[Fe(N 0)(8R ) ]   [Fe(NO)( NOXSR)^]
A llow ing  t h e s e  s o l u t i o n s  t o  age  i n  t h e  p r e s e n c e  o f  an  e x c e s s  o f  NO^ a  
seco n d  s lo w e r  p r o c e s s  was o b s e r v e d ,  t h a t  o f  ^NO exchange  f o r  NO.
*N0~
[FefNOOgCSRig]”  ^  [Fe(NO)( NCOfSRjg]”
« *N0” *
[Fe(NO)( N O X S R )^ ]"  ^  [Fe( NOOgCSRjg]"
R e p e a t in g  t h i s  e x a m in a t io n ,  s u b s t i t u t i n g  Fe2(8R )2(N 0)^  f o r  
[F e ^8 g (N 0 )y ]” , r e s u l t e d  i n  t h e  o b s e r v a t i o n  o f  a  s low  n i t r o s y l  exchange  
p r o c e s s .  Thus c o n f i rm in g  t h a t  t h e  i n i t i a l  p r o d u c t i o n  o f  t h e  mixed 
n i t r o s y l  from [Fe^S^CNO)^]” was from  t h e  a d d i t i o n  o f  a  n i t r o s y l  t o  t h e  
a p i c a l  Fe-NO f r a g m e n t ,  r a t h e r  th a n  from a  f a s t  exchange  o f  'NO’ 
be tw een  th e  d i - n i t r o s y l  f r a g m e n ts  and t h e  n i t r i t e .
R e a c t io n  o f  an  e q u im o la r  m ix tu re  o f  [Fe^S^(^  \ o ) ^ ] ” and 
[Fe^S^C^^N 0)^]“ w i th  RS” i n  DMF r e s u l t e d  i n  t h e  p r o d u c t i o n  o f  a 
m ix tu re  c o n t a i n i n g  [Fetl^NOOgCSRÏg]” , [Fef^^NCOgCSRig]",
[ F e (^ ^ ^ 0 ) ( 8 R ) g ] ” and [FeC^^N O X SR )^]". On s t a n d i n g  t h e  c o n c e n t r a t i o n  
o f  [Fe(N O )(S R )^]” d e c r e a s e d  and a new s p e c i e s  C F e ( ^ ^ N O ) ( ^ \o ) ( S R ) ^ ] ’" 
was d e t e c t e d  i n  low c o n c e n t r a t i o n s .  T h is  s u g g e s t s  t h a t  t h e  o b se rv e d  
r e d u c t i o n  i n  m ag n i tu d e  o f  t h e  s p e c tru m  o f  t h e  m o n o - n i t r o s y l  f r a g m e n t  
r e s u l t s  from  a d i s p r o p o r t i o n a t i o n  t o  y i e l d  t h e  d i - n i t r o s y l  s p e c i e s .
gs2 .038
10G
Fig» 6 , 4 ;  E . p . r .  sp e c tru m  o f  Fe(^^NO)( S^CNMe^)g*
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2 [P e (N 0 )2 ]2 + -------- >  [F’eCNO)^]’^  + Fe+3
2 F e ( I ) ' ------- 5 - F e ( ~ I )  + F e ( I I I )
A ttem p ts  t o  i s o l a t e  t h e  m o n o - n i t r o s y l  s p e c i e s  [Fe(N O )(SR)^] 
p ro v ed  u n s u c c e s s f u l .  I t  h a s  b een  shown t h a t  i r o n ( I I )  s a l t s  r e a c t  w i th  
n i t r i t e  and t h e  d i m e th y I d i th io c a r b a m a te  l i g a n d  (Me^NCS^*) t o  y i e l d  t h e  
r e l a t i v e l y  s t a b l e  p a ra m a g n e t ic  m o n o -iro n  s p e c i e s  Fe(NO)(S2CNMe2 ) 2  
( f i g .  6 . 4 ) ^ ^ ' ^ ^ .  The i r o n  i n  t h i s  complex h a s  t h e  same fo rm a l  
o x i d a t i o n  s t a t e  a s  t h a t  o f  t h e  m o n o - n i t r o s y l  f r a g m e n ts  i n  b o th  
CFe^S^CNO)^]” and i n  Fe^S^(NO)^ o f  + 1 ( d ? ) .  FeCNOOCSgCNMeg)^ i s  hence  
a  r e l a t i v e l y  good model o f  t h e  m o n o - n i t r o s y l  s i t e s  i n  t h e s e  
co m plexes ,  E . p . r ,  e x a m in a t io n  o f  a u t h e n t i c  sa m p le s  o f  t h i s  complex 
i n  e i t h e r  DMF o r  c h lo ro fo rm  y i e l d e d  a  t r i p l e t  ( g = 2 ,0 3 8 ,  A (N)=13.2G),
t h e  o n ly  h y p e r f i n e  c o u p l in g  r e s o l v e d  b e in g  t h a t  due t o  t h e  s i n g l e  
n i t r o s y l  l i g a n d .  A d d i t io n  o f  Me^NCS^ t o  DMF s o l u t i o n s  o f  
[F e y 8 g (N 0 )y ]" ,  r e s u l t e d  i n  t h e  g e n e r a t i o n  o f  e . p . r .  s p e c t r a  i d e n t i c a l  
t o  t h a t  o b t a in e d  f o r  a u t h e n t i c  sam p les  o f  Fe(NO)(S^CNMe^)^. The 
e . p . r .  s p e c t r a  th u s  g e n e r a te d  w ere  found t o  c o n t a i n  no p a ra m a g n e t ic  
d i - n i t r o s y l  m o n o - iro n  f r a g m e n t s .  R e p e a t in g  t h i s  r e a c t i o n  on a 
p r e p a r a t i v e  s c a l e  r e s u l t e d  i n  an  i s o l a t i o n  o f  t h e  m o n o - n i t r o s y l  
complex i n  an  88SÈ y i e l d  b ased  upon t o t a l  i r o n ,  i . e .  n o t  o n ly  t h e  
a p i c a l  Fe(NO), b u t  a l s o  t h e  b a s a l  FeCNO)^ g ro u p s  i n  [Fej^S^CNO)^]"" were 
c o n v e r te d  t o  Fe(NO)(S2 CNMe2 ) 2 . The c o n v e r s io n  o f  d i - n i t r o s y l s  t o  
m o n o - n i t r o s y l s  was found  t o  be f u r t h e r  d e m o n s t ra te d  by t h e  a d d i t i o n  o f  
Me^NCS” to  DMF s o l u t i o n s  o f  e i t h e r  FegCSRjgCNO)^ o r  Fe^I^CNO)^. I n
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b o th  c a s e s  t h e  r a o n o - n i t r o s y l  Fe(NO)(S^CNMeg)^ was im m e d ia te ly  
o b s e rv e d .  I n  t h e  r e a c t i o n  o f  FegCSRjgCNO)^ w i th  Me^NCS" a  weak 
q u i n t e t  sp e c tru m  was d e t e c t e d  which was o b se rv e d  t o  d im in is h  w i th  t im e  
(g = 2 .0 3 0 ,  A (N )=1.9G ), T h is  s p e c t ru m  can  be a s s ig n e d  t o  e i t h e r  o f
Me .S .NO
M e ^  S /  ^ N O
and
ON ,S Me
ON^ S Me
which a r e  f e a s i b l e  i n t e r m e d i a t e s  i n  t h e  c o n v e r s io n  o f  t h e  Fe(NO)
f ra g m e n t  i n FegCSRigCNO)^ i n t o  t h e  Fe(NO) f ra g m e n t  i n
Fe(NO)(SgCNMeg)^. R e p e a t in g  t h e s e  r e a c t i o n s  on a  p r e p a r a t i v e  s c a l e  
y i e l d e d  Fe(NO)(S^CNMe^)^ from t h e  iodo  and a lk a n e  t h i o l a t o  a n a lo g u e s  
i n  35^ and 41/5 i s o l a t e d  and p u r i f i e d  y i e l d s .  Thus [FefNCOg]* and 
[Fe(N O)]*^ a r e  r e a d i l y  i n t e r c o n v e r t i b l e .
A d d i t io n  o f  N0~ t o  DMF s o l u t i o n s  o f  [Fe^S^CNO)^]*" i n  t h e  a b sen c e  
o f  a i r  r e s u l t e d  i n  n e g l i g i b l e  change i n  t h e  e . p . r .  s p e c t r a .  A d d i t io n  
o f  Me^NCS^ t o  DMF s o l u t i o n s  o f  e i t h e r  [Fe^S^(^^NO)^]"" and o r
[F e^8g(^^N 0)y]~  and c o n t a i n i n g  s i m i l a r  r a t i o s  o f
y i e l d e d  e s s e n t i a l l y  i d e n t i c a l  e . p . r .  s p e c t r a ,  e a ch  c h a r a c t e r i s t i c  o f  
a  m ix tu re  o f  F e (15N 0)(8  CNMe ) and F e(1*N 0)(8  CNMeg) ( f i g .  6 . 5 ) .  
A d d i t io n  o f  a  t e n  f o l d  e x c e s s  o f  t o  [Fe^Sgf^^N O )^]"  y i e l d e d
e s s e n t i a l l y  i d e n t i c a l  e . p . r .  s p e c t r a  when Me^NCS^ was added t o  t h e
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m ix tu re  e i t h e r  im m e d ia te ly  a f t e r  a d d i t i o n  o f  n i t r i t e  o r  a f t e r  one 
m onth . T h is  s u g g e s t s  t h a t  t h e  r a t e  o f  'NO’ exchange  f o r  m o n o - i ro n  
f ra g m e n ts  i s  h i g h e r  th a n  t h a t  o f  any exchange  which may o c c u r  on t h e  
t e t r a - i r o n  c l u s t e r ,  [Fe^S^CNO)^]"*. When Fe(  ^\ o )  (S^CNMe^)^ was 
t r e a t e d  i n  DMF s o l u t i o n  w i th  a  l a r g e  e x c e s s  (>10:1 m ol/m ol)  o f  
i t s  e . p . r ,  sp e c t ru m  was r e p l a c e d ,  v e ry  r a p i d l y  and a lm o s t  c o m p le te ly  
by t h a t  o f  Fe(^^NO)(S^CNMe^)^» i n d i c a t i n g  f a s t  exchange  o f  t h e  
n i t r o s y l ,  p o s s i b l y  by a  mechanism such  a s :
L Fe-NOX L^Fe-N'
F e ( I ) , d ?  F e ( I I I ) , d ^
*N0- / °L / e - Ny
L Fe —N.
\ >
0
-  NO
L F e -  NOX
These r e s u l t s  t h u s  d e m o n s t r a te  t h a t  i n  a d d i t i o n  t o  r a p i d  exchange  
p r o c e s s  d e m o n s t ra te d  by t h e  b r id g i n g  c h a lc o g e n ,  h a lo g e n  and 
p se u d o h a lo g e n  l i g a n d s  ( c f .  c h a p t e r s  4 ,5  and 6) t h e  n i t r o s y l  l i g a n d s  
i n  m ono-iron  f r a g m e n ts  a r e  l a b i l e  t o  exchange .
6.3.3 ■Re.a.Q.tlons_.of__the_.c.u,bane, analogue FeyS^(NO) .^
As f o r  t h e  m a j o r i t y  o f  m e ta l  c l u s t e r  compounds, l i t t l e  o f  t h e  
c h e m is t r y  o f  t h e  cubane a n a lo g u e  FG^8^(N0)^ i s  known. The compound i s  
composed o f  a  t e t r a h e d r o n  o f  i r o n  a tom s, w i th  a  s u lp h u r  atom on each
f a c e  and w i th  a  n i t r o s y l  t e r m i n a l l y  bonded t o  each  i r o n  a tom .
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1 5Examination o f  t h i s  complex in  non-polar s o lv e n ts  by N n .m .r .
s p e c t r o s c o p y  r e v e a l s  t h e  compound t o  rem a in  i n t a c t  on  d i s s o l u t i o n .  I n
DMF s o l u t i o n ,  Fe^S^CNOj^ a lo n e  y i e l d e d  a  weak e . p . r ,  s p e c t ru m  s i m i l a r
t o  t h a t  o b t a in e d  f o r  [F e .S  (NO) ] “ and w hich i n d i c a t e d  t h e  p r e s e n c e  o f4 3 (
a t  l e a s t  t h r e e  p a ra m a g n e t ic  c e n t r e s .  A d d i t io n  o f  RS” cau sed  
r e p l a c e m e n t  o f  t h i s  s p e c tru m  w i th  a  new s t r o n g  s p e c t ru m ,  t h e  p r i n c i p l e  
f e a t u r e s  o f  which w ere  t h o s e  d u e , t o  [Fe(N 0 ) 2 (SR)2 ]~ t o g e t h e r  w i th  
t h o s e  a s s ig n e d  e a r l i e r  t o  [Fe(N O )(SR)^]* ', T h is  r e a c t i o n  c an  be 
sum m arised :
Fe^S^(NO)^ 4[Fe(SR ) (NO)]" + 4S"^
2[Fe(SR )^N 0]"  -------->  [F e (N 0 )2 (S R )2 ]~  + [F e (S R )^ ] '
2 F e d ) F e ( - I ) + F e ( I I I )
As w i th  t h e  c o r r e s p o n d in g  r e a c t i o n s  o f  [F e y 8 g (N 0 )y ]~ ,  t h e  e . p . r .  
sp e c t ru m  o f  t h e  m o n o - n i t r o s y l  complex [Fe(N O)(SR)^] '"  d i s a p p e a r e d  a s  
t h e  s o l u t i o n  aged t o  l e a v e  o n ly  t h a t  o f  [Fe(N 0 ) 2 (SR )2 ]~ .
However, when R=H, t h e  o b s e rv e d  b e h a v io u r  i s  r a t h e r  d i f f e r e n t :  
t h e  i n i t i a l  s p e c t ru m  c o n s i s t s  o f  a  m ix tu r e  o f  [Fe(N 0 ) 2 (SH)2 ]~ and 
[Fe(NO)(SH)2 ]“ , w i th  g = 2 .020  and A(N)=5.0G, E x a m in a tio n  o f  t h i s  
m ix tu r e  a f t e r  one week showed t h e  d i - n i t r o s y l  [Fe(N 0 ) 2 (SH)2 ]~ t o  be 
s t i l l  p r e s e n t ,  w h i l s t  t h e  m o n o - n i t r o s y l  sp e c t ru m  had been  r e p l a c e d  
c o m p le te ly  by a  new m o n o - n i t r o s y l  s p e c t ru m  w i th  g = 2 .0 4 0  w i th  o n ly  t h e  
n i t r o s y l  c o u p l in g  A(N)=13.5G r e s o l v e d .  E x a m in a t io n  o f  t h i s  s o l u t i o n  
a f t e r  a n o th e r  week found  no t r a c e  o f  any p a ra m a g n e t ic  m o n o - n i t r o s y l
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f r a g m e n ts ,  A s i m i l a r  A(N)=13.5G m o n o - n i t r o s y l  s p e c i e s  were found  t o  
be o b se rv e d  w i th  Bu^S” , w here i t  was g e n e r a te d  c o n c u r r e n t l y  w i th  
[F e(N 0 )(8 R )g ]~ ;  and i n  t h e  r e a c t i o n  o f  Pr^SH w i th  Fe^I^CNO)^ i n  mixed 
THF/EtgN s o l v e n t  ( c f ,  c h a p t e r  5 ) .  A lthough  i t  p roved  i m p o s s ib l e  to  
i s o l a t e  th e  m o n o - n i t r o s y l  s o  as  t o  f u l l y  c h a r a c t e r i s e  i t ,  a  p l a u s i b l e  
p o s s i b i l i t y  f o r  t h e  c o n s t i t u t i o n  i s  [F e(N O )(S R )^]~ ^ , i . e .  a  d^ i r o n  
com plex, p o s s i b l y  formed by a  d i s p r o p o r t i o n a t i o n  d i f f e r e n t  from t h a t  
d e f in e d  above .
R e p e t i t i o n  o f  t h e  r e a c t i o n  o f  Fe^Sj^(NO)^ w i th  MeS~ on a  
p r e p a r a t i v e '  s c a l e  r e s u l t e d  i n  t h e  i s o l a t i o n  o f  FegCSMeïgCNO)^ i n  an 
1355 o v e r a l l  y i e l d ,  w h i l s t  t h e  r e a c t i o n  o f  Fe^S^(NO)^ w i th  Me^NCS” i n  
DMF r e s u l t e d  i n  t h e  i s o l a t i o n  o f  Fe(NO)(SgCNMeg)^ i n  a lm o s t  
q u a n t i t a t i v e  (94%) p u r i f i e d  y i e l d .  Com parison o f  t h e  r e a c t i o n s  o f  
Fe2 (SR)2 (N0 ) ^ ,  Fe^S^(NO)^ and [Fe^S^(NO)^]*" shows t h a t  t h e  n a t u r e  o f  
t h e  p r i n c i p a l  p a ra m a g n e t ic  p r o d u c t  t o  be in d e p e n d e n t  o f  t h e  s t a r t i n g  
com plex, b u t  t h a t  i t  depends  i n s t e a d  on th e  added l i g a n d .
6 . 3 . 4  SsSfitJLûHS o f  F ^ f m J f  S^CNMe^)^ and . a t t e m p t s  t o  g e n e r a t e
A d d i t io n  o f  an  e x c e s s  o f  MeS~ t o  DMF s o l u t i o n s  o f  Fe(NO) (SgCNti^)^ 
r e s u l t e d  i n  t h e  o b s e r v a t i o n  o f  a  s low  c o n v e r s io n  o f  t h e  sp e c t ru m  o f  
t h e  r a o n o - n i t r o s y l  t o  t h a t  o f  t h e  d i - n i t r o s y l  [Fe(N 0 ) 2 (SR)2 ]"  w i th  no 
o t h e r  p a ra m a g n e t ic  s p e c i e s  d e t e c t e d .  R e p e t i t i o n  o f  t h i s  r e a c t i o n  on a 
p r e p a r a t i v e  s c a l e  ( i n  t h e  p r e s e n c e  o f  an  e x c e s s  o f  MeS” ) gave  
Fe2 (SR)2 (N0 )^  i n  a  24% i s o l a t e d  y i e l d .  S i m i l a r l y  Fe(NO)(S2CNMe2 ) 2  was
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found  to  r e a c t  w i th  Na^S i n  DMF t o  y i e l d  [Fe^S^CNO)^]*" i n  18% i s o l a t e d  
y i e l d .
I t  a p p e a r s  t h a t  t h e  n a t u r e  o f  t h e  o b se rv e d  p a ra m a g n e t ic  s p e c i e s  
i n  a l l  o f  t h e s e  e . p . r .  e x a m in a t io n s  i n  DMF i s  d e p e n d e n t  upon t h e  
n a t u r e  o f  any added l i g a n d s ,  i n  p a r t i c u l a r  w h e th e r  th e y  a r e  
raonoden ta te  w here d i - n i t r o s y l  com plexes  a r e  t h e  p re d o m in a n t  s p e c i e s ,  
o r  w h e th e r  th e y  a r e  b i d e n t a t e  where m o n o - n i t r o s y l s  become th e  
p red o m in an t  s p e c i e s .  I n  an  a t t e m p t  t o  e x p lo r e  t h e  r e l a t i o n s h i p  
be tw een  th e  n a t u r e  o f  t h e  t h i o - l i g a n d s  and t h e  s t o i c h i o m e t r y  o f  t h e  
r e s u l t i n g  com plexes  t h e  r e a c t i o n s  o f  t h e  d i a l k y l  d i t h i o p h o s p h a t e  
[(ROpgPSg] w i th  a  r a n g e  o f  i r o n - n i t r o s y l  s u b s t r a t e s  i n  DMF w ere  
s t u d i e d .  L ike  Me^NCS^ t h i s  l i g a n d  c o u ld ,  i n  p r i n c i p l e ,  a c t  a s  e i t h e r  
a  m o noden ta te  o r  a s  a  b i d e n t a t e  c h e l a t i n g  l i g a n d ;  t h e  S . . . S  b i t e  i n  
c h e l a t i n g  (ROpgPS" i s ^ ^  £a., 3 .2 8 2 ,  w hereas  i n  Me^NCS” i s
c a . 2 .9 7 2 .  A t te m p ts  t o  i s o l a t e  t h e  (ROp^PS" a d d u c t  o f  t h e  
m o n o - n i t r o s y l  complex by a  d i s p la c e m e n t  r e a c t i o n  w i th
FefNOOtSgCNMegyg p roved  u n s u c c e s s f u l .
FeCNOifSgCNMegig + (RO^PSg — X— s^FefNOifSgPfORgig
E x a m in a tio n  o f  DMF s o l u t i o n s  c o n t a i n i n g  b o th  Fe(KO)(SgCNMeg)^ and 
(ROOgPSg were i d e n t i c a l  t o  th o s e  c o n ta i n in g  s o l e l y  t h e  m o n o - n i t r o s y l .  
However, a d d i t i o n  o f  (RO)gPS“  to  DMF s o l u t i o n s  c o n ta i n in g  e i t h e r
FeglgCNO)^ o r  FegCSRjgtNO)^ r e s u l t e d  i n  t h e  g e n e r a t i o n  o f  i n t e n s e  
e . p . r .  s p e c t r a  i n d i c a t i n g  t h e  p r e s e n c e  o f  b o th  a d i - n i t r o s y l  
(g = 2 .0 3 3 i  A(N)=2.3G) and a  m o n o - n i t r o s y l  complex (g = 2 ,0 3 0 ,
A(N )=2.2G ). E s s e n t i a l l y  i d e n t i c a l  s p e c t r a  w ere  g e n e r a t e d  by t h e
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a c t i o n  o f  (ROOgPSg on DMF s o l u t i o n s  o f  e i t h e r Fe„S^(NO)^ o r
[Fe^S^CNO)^]” . S p e c t r a l  a n a l y s i s  was co n fi rm ed  by t h e  e x a m in a t io n  o f  
[Fe^Sgf^^NOXy]" r e s u l t i n g  i n  a  r e l a t i v e  d e c r e a s e  i n  t h e  s p e c t r a l  
m u l t i p l i c i t y  combined w i th  a  40% i n c r e a s e  i n  t h e  h y p e r f i n e  c o u p l in g .  
I n  none o f  t h e s e  e x a m in a t io n s  was any h y p e r f i n e  c o u p l in g  to  ph o sp h o ru s
1= 1 /2 )  r e s o l v e d . By a n a lo g y  w i th  Fe(NO) (.SgCNMeg)^ t h e
r a o n o - n i t r o s y l  i s  a s s ig n e d  t h e  c o n s t i t u t i o n  Fe(NO)(S_P(OR)_)_ w h i l s td. c . c .
t h e  d i - n i t r o s y l  complex m ig h t  have  (RO)gP S” bound i n  e i t h e r  a 
raonoden ta te  o r  a  b i d e n t a t e  f a s h i o n ,N _
( R o y p ,/
Fe
s'^ NO
\ <
R0 \  S \  N
f ®
R O /  V \ n
A l l  a t t e m p t s  to  p ro d u ce  a n a l y t i c a l l y  p u re  sam p les  o f  t h e s e  com plexes  
w ere  u n s u c c e s s f u l ,  a s  t h e  com plexes w ere  much l e s s  s t a b l e  th a n  t h a t  
formed by th e  a n a lo g o u s  Me^NCS",
I t  can be co n c lu d e d  t h a t  t h e  l a r g e r  b i t e  i n  t h e  (ROOgPSg does  n o t  
r e s u l t  i n  t h e  complex d e m o n s t r a t in g  any p r e f e r e n c e  f o r  t h e  
s t a b i l i s a t i o n  o f  e i t h e r  mono o r  d i - n i t r o s y l  com plexes  i n  DMF 
s o l u t i o n s .
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6 . 3 . 5  Rea c t i o n s  o f  FeCCO^CNO)*" s a l t s .
I n  t h i s  s e c t i o n  th e  r e s u l t s  o f  an e x a m in a t io n  o f  t h e  d ia m a g n e t ic  
monoanion [Fe(CO)_(NO)] ” a r e  r e p o r t e d .  E . p . r .  e x a m in a t io n  o f  DMFD
s o l u t i o n s  o f  t h e  s a l t  [Fe(CO)^(NO) ] “ (PPN)*** r e v e a l e d  i t  t o  be e . p . r ,  
s i l e n t .  Aged s o l u t i o n s  w ere  l i k e w i s e  e . p . r  s i l e n t  and i t  can be 
assumed t h a t  t h e  compound i s  r e l a t i v e l y  s t a b l e  i n  DMF and do es  n o t  
r e a c t  to  form p a ra m a g n e t ic  s o lv o -c o m p le x e s .
Upon a d d i t i o n  o f  e le m e n ta l  s u l p h u r ,  t h e  s o l u t i o n  r e a d i l y  gave  a
sp e c tru m  c h a r a c t e r i s t i c  o f  [F efS H ÏgfN O Ïg]" .  R e p e a t in g  t h i s  r e a c t i o n
on a p r e p a r a t i v e  s c a l e  y i e l d e d  t h e  a n io n  [Fe^S^CNO)^]", t h e  complex
b e in g  formed im m e d ia te ly  a f t e r  m ix ing  o f  t h e  r e a c t a n t s ;
(PPN)*[Fe^Sg(N O)y]" was s u b s e q u e n t ly  i s o l a t e d  i n  an  84% y i e l d .
P ro lo n g e d  r e f l u x  o f  t h e  i s o l a t e d  s a l t  i n  t o lu e n e  w i th  s u lp h u r  f a i l e d
to  y i e l d  Fe^Sy(NO)^, T h is  i s  n o te w o r th y  s i n c e  e a r l i e r  work i n  t h i s
l a b o r a t o r y  ( o f ,  c h a p t e r  3) h a s  shown t h a t  r e f l u x  o f  t h e  sodium  s a l t
o f  [FeySg(N O)y]" w i th  e le m e n ta l  s u lp h u r  i n  t o lu e n e  r e s u l t s  i n  t h e
f o rm a t io n  o f  t h e  cubane a n a lo g u e  i n  good y i e l d s .  L ik e w ise  i t  h a s  been
shown t h a t  t h a t  t h e  m e r c u r i a l  complex Hg[Fe(CO)_(NO)] ^ r e a c t s  w i th
s u lp h u r  t o  y i e l d  Fe^S^(NO)^ a s  t h e  s o l e  i s o l a b l e  p r o d u c t .  I t  i s  a l s o
known t h a t  t h e  r e a c t i o n  o f  Hg[Fe(CO)g(NO)]g w i th  sodium  p o ly s u lp h id e  
ohi n  m ethano l  r e s u l t s  i n  t h e  i s o l a t i o n  o f  Na[Fe^Sg(NO)y] r a t h e r  th a n  
Feji^S^(NO)^. L ik e w ise  r e f l u x i n g  t h e  sodium s a l t  w i th  s u lp h u r  i n  a  
100:1 t o l u e n e / a c e t o n e  m ix tu r e ,  r e n d e r in g  t h e  s a l t  s o l u b l e ,  f a i l e d  to  
y i e l d  Fey8^(N 0)^ , and t h e  s o l e  complex i s o l a t e d ,  even  a f t e r  p ro lo n g e d  
r e f l u x ,  was [F eySg(N O )y]" . I t  i s  c l e a r  t h e r e f o r e  t h a t  t h e  f o r m a t io n
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o f  Fe^Sjj^(NO)^ v e r s u s  t h a t  o f  [Fe^S^(N O )^]” i s  s u b j e c t  t o  s u b t l e  
f a c t o r s  i n v o lv i n g  th e  s o l v e n t  and th e  s o l u b i l i t i e s  o f  b o th  t h e  
r e a c t a n t s  and th e  p r o d u c t s .
The o b s e r v a t i o n  o f  [FetNOOgfSH)^]" i n  t h e  r e a c t i o n  m ix tu re  o f  
[Fe(CO)^(NO)] "  and s u l p h u r ,  which y i e l d s  u l t i m a t e l y  [Fe^S^(N O )^] ” , 
s u g g e s t s  t h a t  j u s t  a s  t h e  r e a c t i o n  o f  [Fe^S^(N O )^]"  w i th  OH” o r  SH” 
p ro c e e d s  v i a  [FeCNOjgCSH)^]” on i t s  way to  [Fe^SgCNO)^]"^, so  t h e  
f o r m a t io n  o f  [FCj^S^CNO)^]” p r o c e e d s  v i a  t h e  same com plex . T h is  v iew  
i s  s t r e n g th e n e d  by th e  o b s e r v a t i o n  o f  [FefNOÏgCSHÏg]” i n  t h e  r e a c t i o n  
o f  [Fe(CO)g(NO)]” w i th  Na^S, known^^ a l s o  t o  y i e l d  [Fe^SgfN O )^]” . 
S in c e  p r e p a r a t i v e  s t u d i e s ^ ^ '^ ^ * ^ ^  have shown t h a t  [FegSgCNO)^]” ^ and 
[Fe^Sg(NO)y]”  a r e  i n t e r c o n v e r t i b l e :
[FegSgCNO)^]' :^[Fe^S^(N O )^]
t h e  f a t e  o f  t h e  [Fe(N0 ) 2 (S H )g]” w i l l  i n  g e n e r a l  depend on th e  n a t u r e
o f  t h e  r e a c t i o n  medium. The r e l a t i o n s h i p  be tw een  a l l  t h e  com plexes
z z a r e
summ arised i n  scheme 2 .
which i n t e r c o n n e c t e d  v i a  [FefNOOgCSH)^]”
Fe^S^CNO)^  ^ [Fe^SgCNO)?]
[Fe(.CO),NO] S3 or . . 
S-2 or S -2X
SH'
->[Fe(SH)2(N0)2]
HX,
-X"
SH'
-  {Fe2(SH)2(N0)i»}
HX, SH“ ,-H2S 
-X-
[F e2 S 2(N 0)^ ] ' '2
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J u s t  a s  S“ ^/HS*" r e a c t  w i th  [Fe(CO)^(NO)] ” t o  y i e l d  [Fe(N 0 ) 2 (SH)2 ] ” ,
t h e  r e a c t i o n  o f  RS“ y i e l d s  [Fe(N 0 ) 2 (SR)2 ] ’” . P r e p a r a t i v e  s c a l e
r e a c t i o n  o f  [Fe(CO)_(N O)]” w i th  an e x c e s s  o f  MeS”  r e s u l t e d  i n  t h eo
i s o l a t i o n  o f  F e2 ( 8Me)2 (N0 )^  i n  78% i s o l a t e d ,  p u r i f i e d  y i e l d .
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CHAPTER SEVEN
REACTIQNS_.j3E_J:20N-2ULPRUR. CLUSTERS. WITH NITROSYLATING. AGENTS.
7 .1  I n l m â y s M m
1I n  a  s tu d y  o f  t h e  l i v e r s  o f  r a t s  t r e a t e d  w i th  c a r c in o g e n s  , 
e . p . r .  s p e c t r a  have been  o b t a i n e d ,  which have been  a s s ig n e d  t o  an
i r o n - n i t r o s y l  complex c o o r d i n a te d  t o  a  t h i o l  c o n t a i n i n g  p ro te in* .
ON. ,,SR 
O N / "  \ r
S i m i l a r  s p e c t r a  have  been  r e c o r d e d  f o r  v a r i o u s  an im a l  t i s s u e s
2 2 o 2i n c u b a te d  i n  n i t r a t e  , n i t r i t e  h y d ro x y lam in e  , and
2 4H - n i t r o s a r a in e s  ’ . The s p e c t r a  a r e  weak and p o s s e s s  no r e s o l v a b l e  
h y p e r f i n e  c o u p l in g  t o  t h e  p a ra m a g n e t ic  c e n t r e ,  t h e  a s s ig n m e n t  b e in g  
b a sed  s o l e l y  on th e  g - c e n t r e .  I t  h a s  been  s u g g e s te d  t h a t  t h e s e  
com plexes  a r e  g e n e r a t e d  by t h e  a c t i o n  o f  t h e  n i t r o s y l a t i n g  a g e n t s  on 
t h e  n a t u r a l l y  o c c u r r i n g  non-heme i r o n - s u l p h u r  p r o t e i n s  , However, to  
d a t e ,  no r e p o r t  has  b een  made, on a t t e m p t s  t o  n i t r o s y l a t e  In .  v i t r o  
e i t h e r  i s o l a t e d  i r o n - s u l p h u r  p r o t e i n s  o r  t h e i r  a n a lo g o u s  s y n t h e t i c  
m o de ls .
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I n  c h a p t e r s  4 and 5, i t  i s  shown t h a t  t h e  m o n o -iro n  s p e c i e s  
FefNGOgLg (L n h a lo g e n ,  a l k y l t h i o l a t e )  e x i s t  i n  a  d y n a m ic  e q u i l i b r i u m  
w i th  t h e  d ia m a g n e t ic  d i n u c l e a r  a n a lo g u e s .
ON, ,L  ON ,L, NO
V ’ =  V  V
The m e th y l  e s t e r  o f  R o u s s i n ' s  Red s a l t ,  Fe2(SM e)2(N 0)^ , has  been  
i s o l a t e d  from 'p i c k l e d *  v e g e t a b l e s ^  and i t  h a s  been  s u g g e s te d  t h a t  
t h i s  compound and i t s  m ononuclear  a n a lo g u e s  a r e  d e r iv e d  from th e  
n a t u r a l l y  o c c u r r in g  i r o n - s u l p h u r  c l u s t e r s  c o n ta in e d  i n  t h e s e  
v e g e t a b l e s .
I n  t h i s  c h a p t e r  t h e  r e s u l t s  o f  a  p r e l i m i n a r y  s tu d y  on t h e  
n i t r o s y l a t i o n  o f  s y n t h e t i c  m odels  o f  t h e  n a t u r a l l y  o c c u r r in g  
i r o n - s u l p h u r  p r o t e i n s  a r e  r e p o r t e d .  The m ethods a p p l i e d  a r e  th o s e  
d e v e lo p e d  and r e p o r t e d  i n  c h a p t e r s  2 , 4 , 5  and 6 .
I f  t h e s e  i r o n - n i t r o s y l  com plexes  a r e  i n v o lv e d  i n  c h e m ic a l  
c a r c i n o g e n e s i s  t h e n  s e v e r a l  q u e s t i o n s  a r i s e .  What i s  t h e i r  a c t i o n ?  I s  
i t  t h e  d i s r u p t i o n  o f  t h e  b io c h e m ic a l  p r o c e s s e s  o f  t h e  i r o n - s u l p h u r  
c l u s t e r  which in d u c e s  c a r c i n o g e n e s i s ?  Are t h e s e  com plexes  
' i n t e r m e d i a t e s '  which r e l e a s e  'NO' ( 'N O ' b e in g  t h e  r a n g e  o f  s p e c i e s :  
NO*, NO*, HgONO*, e t c . )  t o  e f f e c t  some o t h e r  b io c h e m ic a l  p r o c e s s ?
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M o le c u la r  o r b i t a l  c a l c u l a t i o n s  have been  p e rfo rm ed  on s e v e r a l  
d i f f e r e n t  i r o n - s u l p h u r  n i t r o s y l  c o m p l e x e s ^ t h e  r e s u l t s  s u g g e s t  t h a t  
b o th  a d d i t i o n  o r  rem oval o f  e l e c t r o n s  weaken t h e  c l u s t e r s  b u t  do n o t  
c a u s e  d i r e c t  e j e c t i o n  o f  n i t r i c  o x i d e .  T h is  a g r e e s  w i th  e x p e r im e n ta l  
o b s e r v a t i o n s  o f  Dahl and cow orke rs^*^  who have  shown by c y c l i c  
v o l t a m e t r y  t h a t  s e v e r a l  o f  t h e s e  com plexes can  have  v a r i a b l e  o x i d a t i o n  
s t a t e s  and t h a t ,  a s  t h e s e  com plexes  a r e  s u c c e s s i v e l y  r e d u c e d ,  th e y  
become l e s s  s t a b l e .  The r e s u l t s  o f  t h e  r e a c t i o n s  o f  Fe^(SR )2(N 0)^  
and [Fe^S^CNO)^]" w i th  weak o x i d i s i n g  a g e n t s  a r e  r e c o r d e d  and
d i s c u s s e d .
7 .2.1
Sam ples o f  ^ and [Fe^S^CSCH^Ph)^]” ^
w ere p r e p a re d  by l i t e r a t u r e  m ethods .  Sam ples o f  Fe2(SR )2(N 0)^  were 
p r e p a r e d  a s  d e s c r i b e d  i n  c h a p t e r  2 and 4 . [Fe^S^CNO)^]” was p r e p a r e d
a s  d e s c r i b e d  i n  c h a p t e r  6 .  A l l  m a n ip u la t io n s  w ere  c a r r i e d  o u t  i n  an  
a tm o sp h e re  o f  d ry  n i t r o g e n :  a l l  o r g a n ic  s o l v e n t s  w ere  p u r i f i e d ,  d r i e d ,  
and purged  w i th  d r y  n i t r o g e n  b e f o r e  u s e .  A l l  c h e m ic a ls  employed w ere  
A.R, o r  t h e  p u r e s t  c o m m e rc ia l ly  a v a i l a b l e .
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E . p . r .  s p e c t r a  w ere  m easured  a t  240K, i n  1 mm q u a r t z  c a p i l l a r i e s  
u s in g  a  B ruke r  200D s p e c t r o m e t e r .  D i - t - b u t y l  n i t r o x i d e  was employed 
a s  t h e  s t a n d a r d  f o r  t h e  m easurem ent o f  l i n e  p o s i t i o n s ,  N .m .r .  
s p e c t r a  were m easured a t  a m b ie n t  s p e c t r o m e te r  t e m p e r a tu r e  ( 3 O8K) u s in g  
a  B ru k e r  WP-80 m ac h in e .  I . r .  s p e c t r a  were r e c o r d e d  on a P e rk in -E lm e r  
s p e c t r o m e te r  a s  c h lo ro fo rm  s o l u t i o n s .  Mass s p e c t r a  w ere  r e c o r d e d  on 
an AEI MS 902 m ach ine .
7 . 2 . 2
o x i d e .
( a ) R e a c t i o n  w i th  a l k a l i n e / a c i d i c  n i t r i t e .  [FegSgCCSCHgjgC^H^)^]"^ and 
[Fe^S^CSCH^Ph)^]"^ were r e a c t e d  w i th  a l k a l i n e / a c i d i c  n i t r i t e  a s  
d e s c r i b e d  i n  c h a p t e r  2 to  y i e l d  [Fe^S^CNO)^]** i n  44^ and 38^ y i e l d s  
r e s p e c t i v e l y .
( b ) R e a c t i o n  w i th  n i t r i c  o x i d e ,  [Fe^SgCSCH^Ph)^^]""^ ( 0 .1 0 g )  was 
d i s s o l v e d  i n  CHCl^ (30  ml) u n d e r  n i t r o g e n  and n i t r i c  o x id e  b ubb led  
th ro u g h  th e  m ix tu r e ,  t h i s  r e s u l t e d  i n  a  change i n  c o lo u r  from b lu e  t o  
r e d .  C on tinued  b u b b l in g  w i th  r e f l u x  r e s u l t e d  i n  a  second  s lo w e r  
r e a c t i o n ,  y i e l d i n g  an  o r a n g e - r e d  s o l u t i o n .  The CHCl^ s o l u t i o n  was 
a l lo w e d  t o  c o o l  b e f o r e  w ash ing  w i th  w a te r  (2  x 50 m l ) ,  f i l t e r i n g  and 
d r y in g  o v e r  MgSO^. The o r g a n ic  e x t r a c t  was re d u c e d  t o  s o l i d  and
o - x y l e n e - t ^ C < ' - d i s u l p h i d e  (CgHj^CCH^S)^) su b lim ed  o u t  o f  t h e  m ix tu re  on 
th e  vacuum sys tem  ( a n a l y s i s :  mass s p e c ,  ra/z 168 ( m o le c u la r  i o n ) ,
n . r a . r .  7 .2  and 3 . 8  p . p . m . ,  a b s e n c e  o f  a c id  p r o to n s  i n  b o th  n . m . r .
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and i . r .  s p e c t r a ) .  The com ponents r e m a in in g  i n  t h e  t h e  r e d  s o l i d  
were  s e p a r a t e d  by d r y  column ch rom a tog raphy  (100  cm x 1 .5  cm; S i l i c a  
Woelm) e l u t i n g  w i th  hexane  (100  m l ) ,  fo l lo w e d  by 50 ml a l i q u o t s  
hexane/CHgClg m ix tu r e s  ( 9 : 1 ,  3 : 1 ,  1 :1 ,  1 :3 ,  and 1 :9 )  fo l lo w e d  by
m eth y le n e  c h l o r i d e  ( 1 0 0 m l )  and 1:1 CH^Cl^/MeOH (100  m l ) .  T h is  
y i e l d e d  t h r e e  r e d  i r o n - n i t r o s y l  bands  which were examined by i . r . ,  
e . p . r . ;  and n . m . r .  s p e c t r o s c o p y .  A l l  t h r e e  i r o n - n i t r o s y l s  gave  
a b s o r p t i o n s  a t  1810(w ), 1 7 7 5 (8 ) ,  1750(m)cm~^ i n  t h e i r  i . r ,  s p e c t r a ,
i d e n t i c a l  t o  t h a t  f o r  F e2 (8 R )2 (N 0 )^ .  Compound one p o s s e s s e d  i . r .  
a b s o r p t i o n s  s i m i l a r  t o  th o s e  o f  [CgHj^(CH2 S ) 2 ]*”^ .  Compound t h r e e  
c o n ta in e d  i . r .  a b s o r p t i o n s  s i m i l a r  t o  th o s e  o f  [E t^ N ]*  and compound 
two a  m ix tu re  o f  b o t h .  The n . m . r .  sp e c t ru m  o f  compound one
p o s s e s s e d  n . m . r .  r e s o n a n c e s  s i m i l a r  to  t h a t  o f  [C^HyCCH^S)^]"^ ( 7 .2  
and 3 .8  p . p . m . ) .  Compound t h r e e  p o s s e s s e d  n . m . r .  r e s o n a n c e s  s i m i l a r  
t o  t h a t  o f  [E t^N ]*  ( 3 .4  and 1 .4  p . p . m . ) ,  w h i l s t  compound two a p p e a re d  
t o  c o n t a i n  a  m ix tu re  o f  b o t h .
7 . 2 . 3  E. p .  exami n a t i o n  o f ,  bhe_ r e a c t i o ns,, o f  ___soXuMoiiS-__Qf2F.e .-2 .S_aM
I n  a  t y p i c a l  r e a c t i o n  th e  i r o n  s u lp h u r  complex was d i s s o l v e d  i n  
DMF ( p r e v i o u s l y  d e o x y g e n a te d  by b u b b l in g  d ry  n i t r o g e n ) .  To t h i s  
s o l u t i o n  was added t h e  r e a c t a n t  and t h e  e . p . r .  sp e c t ru m  r e c o r d e d  a t  
240K.
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7 . 2 . 4  R e a c t io n  o f  FFe^S.CNOl^T" w i th  weak o x i d i s i n g  a g e n t s .
( a )  With A g(I)  and C u ( I I ) .  A d d i t io n  o f  e i t h e r  aqueous  s o l u t i o n s  o f  
AgNOg o r  CuSO^ t o  [Fe^S^CNO)^] “ r e s u l t e d  i n  t h e  e v o l u t i o n  o f  n i t r i c  
o x id e  ( d e t e c t e d  by mass s p e c t r o s c o p y )  and p r e c i p i t a t i o n  o f  c o p p e r  
s u lp h i d e  o r  s i l v e r  s u lp h i d e  t o g e t h e r  With s u lp h u r .
(b )  With l “ and B r~ . ( i )  A d d i t io n  o f  aqueous  s o l u t i o n s  o f  e i t h e r  o r  
Br” to  s o l u t i o n s  c o n t a i n i n g  [Fej^S^(NO)^ ]"  r e s u l t e d  i n  t h e  e v o l u t i o n  o f  
n i t r i c  ox id e  ( d e t e c t e d  by mass s p e c t r o s c o p y ) ,  p r e c i p i t a t i o n  o f  i r o n  
s u lp h i d e  and e le m e n ta l  s u l p h u r .  E x a m in a tio n  o f  t h e  r e a c t i o n  o f  l “ 
w i th  [F e ^8 g (N 0 )y ]"  by p o t e n t i o m e t r i e  t i t r a t i o n  y i e l d e d  a s ig m o id  cu rv e  
w i th  end p o i n t  e q u i v a l e n t  to  a  1 .8 8 :1  r a t i o .  The r e a c t i o n  w i th  B r^ “ 
was n o t  a s  s im p le ,  a  s e c o n d a ry  r e a c t i o n  be tw een  t h e  p r e c i p i t a t e d  
s u lp h u r  and B r"  b e in g  o b s e rv e d .
7 . 2 . 5  £§SfiJilQjnL-,o£  m â ___
R ef lu x  o f  e i t h e r  [F e^8 2 (N0 ) ^ 3" o r  F e 2 (8 E t)2 (N 0 )y  i n  HCIO^ ( 10"^M) 
r e s u l t e d  i n  t h e  co m p le te  d e c o m p o s i t io n  o f  t h e  com plexes .  A d d i t io n  o f  
N -m ethy l a n i l i n e  to  t h e s e  m ix tu r e s  r e s u l t e d  i n  t h e  p r o d u c t i o n  o f  
] i - n i t r o s o  m e th y l  a n i l i n e  ( d e t e c t e d  by u . v .  s p e c t r o s c o p y  ( ^ ^ ^  275 nm) 
and GC/MS (m /z I 36 ( m o le c u la r  i o n ) ) .
 ■-
( 1 )
n o ;
-2
Fe
NO.
( 2 )
-2
C o n vers ion  o f  i r o n - s u l p h u r  p r o t e i n  m odels i n t o  [Fe^SgCNO)?]
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7 . 3  Resu.l,ts and D i s c u s s i o n
7 . 3 . 1
N i t r o s y l a t i o n  o f  t h e  te t rae th y la m m o n iu ra  s a l t  o f  t h e  d i - i r o n
s u lp h u r  complex b i s [ o - x y l e n e -  CK > CX - d i t h i o l a t o -
y ^ - s u l p h i d o - f e r r a t e ( I I I ) ] " 2  ( i )  by t h e
a p p l i c a t i o n  o f  aqueous  a l k a l i n e  n i t r i t e  fo l lo w e d  by a d d i t i o n  o f  a c id  
a s  d e s c r i b e d  i n  c h a p t e r  2 y i e l d e d  t h e  non i s o s t r u c t u r a l  i r o n - n i t r o s y l  
[Fe^S^(N O )^]“ . The i s o l a t i o n  o f  [Fe^S^CNO)^]" r a t h e r  th a n  
[Fe^SgCNO) i s  n o t  p a r t i c u l a r l y  s u r p r i s i n g  s i n c e  a l th o u g h  t h e
S - a l k y l a t e d  i r o n  c a r b o n y l :  FegCSP^gfCO)^ y i e l d s  i t s  n i t r o s y l  a n a lo g u e
FegfSMejgCNO)^ by t h i s  m ethod, and t h e  non a l k y l a t e d  b r id g i n g  s u lp h u r  
com plexes  Fe^S^CCO)^, FegS^CCO)^, and [Fe^SgtC O )^]*^  a l l  y i e l d  
[FeySg(NO)y]~ ( c f .  c h a p t e r  2 ) .  I t  h a s  been  p r e v i o u s l y  shown^^“ ^^ 
t h a t  [Fe^S^CNO)^]"* and [Fe^S^CNO)^]”^ e x i s t  i n  a  pH -dependen t  
e q u i l i b r i u m
w ith  [Fe^S^CNO)^]” p red o m in a n t  i n  a c i d .  I t  i s  u n s u r p r i s i n g ,  
t h e r e f o r e ,  t h a t  [Fe^S^CNO)^] “ r a t h e r  th a n  [Fe^S^CNO)^]” ^ i s  i s o l a t e d  
from  t h e s e  n i t r o s y l a t i o n  r e a c t i o n s  s i n c e  t h e  f i n a l  s t e p  o f  r e a c t i o n  
r e q u i r e s  a c i d i f i c a t i o n .  I n  t h e  n i t r o s y l a t i o n  o f
[F e^8g (N 0)y ]~  was i s o l a t e d  i n  a  4455 y i e l d  
b a sed  on i r o n ,  t h e  r e s t  o f  t h e  i r o n  b e in g  i s o l a t e d  a s  i r o n  s u l p h i d e .
    -w”.- ' .t J P - —;
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The n i t r o s y l a t i o n  r e a c t i o n  u s in g  aqueous  n i t r i t e  was r e p e a t e d  on t h e  
4Fe-4S model [Fe^^^^-SÏ^C SCH gPh)^]"^  (2 )  r e s u l t i n g  i n  t h e  i s o l a t i o n  o f  
[Fe^S^(N O )^]" i n  a  3855 y i e l d .
The i n t e r c o n v e r t i b i l i t y  o f  [Fe^S^CNO)^]” and Fe^fSRj^CNOj^ i s
d e m o n s t ra te d  i n  c h a p t e r  6 ,  and hence  th e  2Fe-2S c l u s t e r ,
^^®2^2^^^^^2^2^6^4^2^” ^ and t h e  4Fe-4S c l u s t e r  [Fe^S^CSCH^Ph)^]” ^ can
be c o n v e r t e d ,  a t  l e a s t  i n  t h e  l a b o r a t o r y ,  i n t o  FegfSMejgCNO)^. These
two r e a c t i o n s  th u s  d e m o n s t r a te  t h a t  t h e  c o n v e r s io n  o f  4Fe-4S and
2Fe-2S c l u s t e r s  i n t o  F e2(8M e)2(N 0)^ , a s  i s o l a t e d  by Wang and 
14cow orkers  from  p i c k l e d  ca b b ag e ,  i s  f e a s i b l e .
I n  c h a p t e r  2 a  second  c a r b o n y l / n i t r o s y l  c o n v e r s io n  r e a c t i o n  i s  
d e s c r i b e d  i n v o lv i n g  t h e  a p p l i c a t i o n  o f  n i t r i c  o x id e ;
Fe2(SR)2(C0)g — gH0^Fe2(SR)g(N0),,
T h is  r e a c t i o n  was r e p e a t e d  s u b s t i t u t i n g  For
th e  c a rb o n y l  s u b s t r a t e ,  and w i th  c o n t in u e d  NO b u b b l in g  a  m ix tu re  o f  
t h r e e  c h r o m a to g r a p h ic a l l y  s e p a r a b l e  n i t r o s y l a t e d  p r o d u c t s  w ere
o b t a i n e d .  E x a m in a tio n  o f  t h e s e  t h r e e  com plexes  by i n f r a - r e d  
s p e c t r o s c o p y  y i e l d e d  i d e n t i c a l  n i t r o s y l  a b s o r p t i o n s  t o  t h o s e  o b s e rv e d  |
f o r  FegCSRigCNO)^.
... .k . •..  I'-"*- *•'
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E x a m in a tio n  o f  t h e s e  t h r e e  com plexes i n  c h lo ro fo rm  y i e l d e d  no 
d e t e c t a b l e  p a ra m a g n e t ic  s p e c i e s  by e . p . r .  s p e c t r o s c o p y .  However, 
s u b s t i t u t i n g  DMF f o r  t h e  s o l v e n t ,  weak u n r e s o lv e d  s p e c t r a  were 
o b t a i n e d  s i m i l a r  t o  t h a t  g e n e r a t e d  from  Fe^CSRÏ^tNO)^ ( c f .  c h a p t e r  
4 ) .  A d d i t io n  o f  P r^S"  t o  t h e s e  DMF s o l u t i o n s  y i e l d e d  i d e n t i c a l  
e . p . r .  s p e c t r a  t o  th o s e  a s s ig n e d  t o  [Fe(N O )2(SPr^)23~  i n  c h a p t e r  4 . 
These r e s u l t s  s u g g e s t  t h a t  t h e  t h r e e  compounds g e n e r a t e d  by t h e  a c t i o n  
o f  NO on [F e2S2 ((SCH2 ) 2 C^Hy)2 ]~^ i n  c h lo ro fo rm  a r e  2Fe~4N0 com plexes  
s i m i l a r  to  F e 2 (8 R )2 (N 0 )^ .  I n  c h lo ro fo rm  t h e  i r o n - s u l p h u r  r i n g  
r e m a in s  i n t a c t ,  w h i l s t  i n  DMF r i n g  o p en in g  o c c u r s  t o  y i e l d  
p a ra m a g n e t ic  m ononuc lea r  s p e c i e s .  Each o f  t h e  t h r e e  com plexes  can  be 
assumed to  be o f  g e n e r a l  s t r u c t u r e :
O N v  / N O
O N ^  NO
The t h r e e  i r o n - n i t r o s y l  com plexes  i s o l a t e d  d e m o n s t ra te d  d i f f e r e n t  
n . r a . r ,  and i . r .  s p e c t r a .  The s p e c t r a  o f  t h e  f i r s t  compound 
i s o l a t e d  by c h rom a tog rap hy  ( s e e  e x p e r im e n ta l )  d e m o n s t ra te d  t h e  
p r e s e n c e  o f  o - x y le n e -  c<, ex. ’- d i t h i o l a t e  b u t  no Et^N*. The second  
d e m o n s t ra te d  a  m ix tu re  o f  t h e  t h e  t h i o l a t e  and Et^N* and t h e  t h i r d  
Et^N* and no t h i o l a t e .  I n s u f f i c i e n t  m a t e r i a l  p r e v e n te d  c o m p le te  
e l u c i d a t i o n  o f  t h e  s t r u c t u r e  o f  t h e  i s o l a t e d  compounds, and t h i s  
prob lem  r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .  D uring  t h i s  e x a m in a t io n
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s e v e r a l  o t h e r  p r o d u c t s  w ere  o b se rv e d  a l th o u g h  n o t  f u l l y  i s o l a t e d  due 
to  t h e  t i n y  q u a n t i t i e s .  I n  p a r t i c u l a r ,  f o u r  n o n - n i t r o s y l  c o n t a i n i n g  
com plexes (d e te rm in e d  by t h e  a b sen c e  o f  any peaks i n  t h e  i . r .  s p e c t r a  
a s s i g n a b l e  to  V(NO)) were i d e n t i f i e d  i n  t h e  c h ro m a to g ra p h ic  i s o l a t i o n  
o f  t h e  t h r e e  n i t r o s y l  p r o d u c t s .  Due t o  t h e  l a c k  o f  m a t e r i a l  i t  was 
n o t  p o s s i b l e  t o  d e te r m in e  w h e th e r  each  o f  t h e  n o n - n i t r o s y l  com plexes  
w ere  i n t e r m e d i a t e s  t o  t h e  f o r m a t io n  o f  t h e  i r o n - n i t r o s y l s  o r  w ere  o n ly  
b y p r o d u c t s ;  o r  w h e th e r  t h e  i r o n - n i t r o s y l s  th e m s e lv e s  were 
i n t e r c o n v e r t i b l e .  These p o i n t s  a l s o  r e q u i r e  f u r t h e r  work.
N i t r i c  o x id e  i s  a good , c l e a n  o x i d i s i n g  a g e n t  f o r  t h e  c o n v e r s io n
1 5o f  t h i o l s  t o  d i s u l p h i d e s  , I n  t h i s  r e a c t i o n ,  i n  a d d i t i o n  t o  
c o n v e r t i n g  th e  i r o n  s u lp h u r  c o re  t o  i r o n - n i t r o s y l s ,  t h e  n i t r i c  o x id e  
a l s o  o x i d i s e d  some o f  t h e  d i t h i o l a t e  p r e s e n t  t o  i t s  d i s u l p h i d e  
( o-xylene-o£ ,o(’- d i s u l p h i d e ) .
NO
7 . 3 . 2  P r o d u c t io n  o f  2 .0 3  complexes. f rom__lron-8ulPhur_ jD ro j^ in_m odel8_by . 
■the_ a c t io n ,  o f _ v a r i o u s  n i t r o s v l a t i n g  a g e n t s .
The a c t i o n  o f  v a r i o u s  n i t r o s y l a t i n g  a g e n t s  on mammalian c e l l  
c u l t u r e s ^ ” ^ has  been  found  t o  g e n e r a t e  p a ra m a g n e t ic  s p e c i e s ,  o b s e rv e d  
a s  a  s e r i e s  o f  weak, u n r e s o lv e d  e . p . r .  s p e c t r a .  These com plexes  
p o s s e s s  g - c e n t r e s  c a . 2 . 0 3  which have been  a s s ig n e d ^  to  [Fe^NOOg]*
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coniplexed t o  t h i o l  c o n t a i n i n g  p r o t e i n s  ( f i g .  7 . 1 ) .  I n  t h i s  s e c t i o n  
t h e  r e s u l t s  o f  an e . p . r .  s tu d y  o f  t h e  r e a c t i o n s  o f  s o l u t i o n s  o f
and [F ey8 ^ ( 8 CH2 p h ) ^ ] " ^  w i th  a  s e r i e s  o f  
n i t r o s y l a t i n g  a g e n t s  a r e  r e p o r t e d .  DMF was employed a s  a  s o l v e n t  
t h ro u g h o u t ;  s i n c e  i t  i s  d e m o n s t ra te d  i n  c h a p te r  4 t o  be a good r i n g  
o p e n in g  s o l v e n t  f o r  F e2X2 (N0 )j^^ .
DMF s o l u t i o n s  o f  t h e  d ia m a g n e t ic  [F e 2 ((SCH2 ) 2 C^H^)2 ]~^ r e a c t  
w i th  n i t r i c  o x id e  t o  y i e l d  s o l u t i o n s  c o n ta i n in g  an e q u ira o la r  m ix tu re  
o f  two p a ra m a g n e t ic  s p e c i e s .  These a r e  s i m i l a r  t o  t h o s e  o b se rv e d  i n  
t h e  s o l v o l y s i s  o f  Fe2 (SR)2 (N0 )^  i n  DMF ( c f .  c h a p t e r  4) and can  be 
a s s ig n e d  t o  a  m ix tu r e  o f  [Fe(N 0 ) 2 ( S o lv .  ) ]*** and Fe(N0 ) 2 (SR) ( S o lv ,  ) 
( 6 = 2 .0 3 3 ,  A (‘’ \ ) = 2 . 4 G ( 2 N ) , A ( S o lv .% )  =4.0G(2H) ; g = 2 .0 2 7 ,
A ( ^ \ ) = 2 .5 G ( 2 N ) , A (S o lv .^H )= 4 .4G (1H ), A (T hio l  ^H)=4.5G(2H) ) .  A d d i t io n  
o f  an  e x c e s s  o f  p o ta s s iu m  i o d i d e  t o  t h i s  m ix tu re  c o n v e r te d  t h e  wealc 
s p e c tru m  o f  Fe(N0 ) 2 (S o lv ) (S R )  and [Fe(N 0 ) 2 ( S o l v ) 2 3 * t o  a  s t r o n g  
e le v e n  l i n e  s p e c i e s  i d e n t i f i a b l e  as  [FeXNOOgIgï" ( o f .  c h a p t e r  5 ) .  
S i m i l a r l y ,  a d d i t i o n  o f  P r^S” y i e l d e d  th e  c h a r a c t e r i s t i c  s p e c t r a  o f  
[P eC N O ^ C S P r^ )^ ]" .
tFegSg( (SCHg)gC^H^^)g]~^ [FeCNO^CSolv. + FeCKO^CSolv.XSH)
[FeCNOigXg]'
R e p e a t in g  t h i s  r e a c t i o n ,  s u b s t i t u t i n g  [FeyELCSCHgPh)^]"^ a s  t h e  s o l u t e  
y i e l d e d  no d e t e c t a b l e  p a ra m a g n e t ic  s p e c i e s  by t h e  a c t i o n  o f  n i t r i c  
o x id e  a t  room t e m p e r a t u r e .  However, combined r e f l u x i n g  w i th  b u b b l in g  
n i t r i c  o x id e  r e s u l t e d  i n  a  s o l u t i o n  c o n t a i n i n g  a t  l e a s t  two
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p a ra m a g n e t ic  s p e c i e s .  A d d i t io n  o f  i o d id e  t o  t h i s  m ix tu r e  y i e l d e d  an 
e l e v e n  l i n e  s p e c i e s  a s s i g n a b l e  t o  [F e tN O ^ g lg ]" .
A d d i t io n  o f  e i t h e r  PPNENO^] o r  NaNO^ t o  DMF s o l u t i o n s  o f  
[Fe^S^C ( 301^2 ) 2^6^ 4 ) 2 ) y i e l d e d  a t h r e e  l in e -  s p e c t ru m  (g = 2 .0 3 1 ,  
A ( ^ \ ) = 1 2 . 3 g )  a s s ig n e d  t o  a  s i n g l e  n i t r o s y l  c o up led  t o  i r o n ( d ^ ) .  T his  
s p e c i e s  was found  t o  be q u i c k l y  r e p l a c e d  by a  d i - n i t r o s y l  complex 
i d e n t i c a l  t o  t h a t  a s s ig n e d  i n  c h a p t e r  4 t o  Fe(N 0 ) 2 (SH)(SH2 ) . 
R e p e a t in g  t h i s  r e a c t i o n  s u b s t i t u t i n g  [Fe^S^(SCH2 p h )^ ]~ ^  f o r  
^^®2^ 2 ^^^^^2 ^2 ^6 ^^ 4 ^2 ^ y i e l d e d  a  t r i p l e t  sp e c tru m  a s s i g n a b l e  t o  a  
s i n g l e  n i t r o s y l  c o u p le d  t o  i r o n ( d ^ ) .  As above , t h i s  m o n o - n i t r o s y l  
complex was found  t o  be q u i c k l y  r e p l a c e d  by a  d i - n i t r o s y l  com plex , 
b u t  i n  t h i s  c a s e  t h e  sp e c tru m  o b t a i n e d  was i d e n t i c a l  t o  t h a t  g e n e r a t e d  
by t h e  a d d i t i o n  o f  NaNOg t o  Fe2 (SCH2 P h )2 (N0 )^  i n  DMF. A d d i t io n  o f  KI 
t o  t h e  com plexes  g e n e r a t e d  from  ^^^^2 ^2 ^6 ^ 4 ^2 ^~^ and
b o th  y i e l d e d  t h e  e l e v e n  l i n e  s p e c t ru m  o f
[ F e (N 0 )2 l2 ] “ .
A d d i t io n  o f  t h e  ü - n i t r o s a m i n e  Me2NN0 t o  a DMF s o l u t i o n  o f  
^^^2^ 2 ^ ^^^^2 ^2^ 6^ 4 ^2 ^~^ y i e l d e d  o v e r  a  f o u r  day p e r i o d  no d e t e c t a b l e  
p a ra m a g n e t ic  i r o n - n i t r o s y l  com plexes  and s u b s e q u e n t  a d d i t i o n  o f  KI t o  
t h i s  s o l u t i o n  f a i l e d  t o  y i e l d  t h e  e l e v e n  l i n e  sp e c t ru m  o f  
[ F e (N 0 )2 l2 ]~ .
I n  c o n c lu s i o n ,  b o th  NO and NO" c o n v e r t  FSgSg and Fe^S^ com plexes 
i n t o  b o th  d ia m a g n e t i c  and p a ra m a g n e t ic  i r o n - n i t r o s y l  co m p le x es .  The 
a c t i o n  o f  b o th  o f  t h e s e  n i t r o s y l a t i n g  a g e n t s  y i e l d s  d i - n i t r o s y l a t e d  
s p e c i e s  and i n  t h e  c a s e  o f  NO” a  m o n o - n i t r o s y l  i n t e r m e d i a t e  was
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o b s e rv e d .  The d i - n i t r o s y l  com plexes  i n  th e  p r e s e n c e  o f  a l k y l t h i o l a t o  
l i g a n d s  y i e l d  [FeCNOOgCSR)^]" com plexes  i d e n t i c a l  t o  t h o s e  r e p o r t e d  i n  
c h a p t e r  4 ,  As o b s e rv e d  i n  c h a p t e r  4 t h e  a l k y l t h i o l a t o  g ro u p s  l i g a t e d  
t o  [FeCNO)^]* a r e  l a b i l e  t o  e x ch an g e ,  a d d i t i o n  o f  h a l i d e  i o n s  o r  o t h e r  
a l k y l t h i o l a t e s  r e s u l t i n g  i n  f a s t  l i g a n d  exchange to  y i e l d  p a ra m a g n e t ic  
s p e c i e s  i d e n t i c a l  t o  t h o s e  r e p o r t e d  i n  c h a p te r s  4 and 5 .
No p a ra m a g n e t ic  i r o n - n i t r o s y l  com plexes were d e t e c t e d  from t h e  
a c t i o n  o f  t h e  N .-n i tro sam in e  Me^NNO on [ F e ^ S ^ C i n  DMF. 
I n  c h a p te r  5 ,  i t  i s  r e c o r d e d  t h a t  t h e  a d d i t i o n  o f  i o d id e  t o  t h e
d ia m a g n e t i c "  i r o n - n i t r o s y l  com plexes :  Fe^IgCWO)^ o r  Fe2 (SR)2 (N0 ) ^ ,
r e s u l t s  i n  r i n g  f i s s i o n  t o  y i e l d  [FefN O O glg]". The f a i l u r e  t o  o b s e rv e  
[Fe(N 0 ) 2 l 2 ]~ a f t e r  a d d i t i o n  o f  i o d i d e  to  t h e  H - n i t r o s a m in e  c o n t a i n i n g  
m ix tu re  s u g g e s t s  t h a t  i n  a d d i t i o n  t o  t h e  a b sen c e  o f  any p a ra m a g n e t ic  
i r o n - n i t r o s y l  s p e c i e s ,  t h a t  no d ia m a g n e t i c  n i t r o s y l a t e d  com plexes
l a b i l e  t o  c o n v e r s io n  t o  p a ra m a g n e t ic  m o n o -iro n  s p e c i e s  w ere  p r e s e n t  
g e n e r a t e d  by t h e  a c t i o n  o f  t h e  J i - n i t r o s a m in e  on t h e  i r o n - s u l p h u r
p r o t e i n  m odel.  T h is  i s  i n c o n s i s t e n t  w i th  o b s e r v a t i o n s  made o f  c e l l  
c u l t u r e s  t r e a t e d  w i th  ü - n i t r o s a m i n e s  where weak, p o o r ly  r e s o l v e d  
a n i s o t r o p i c  e . p . r .  s p e c t r a  have  been  a s c r i b e d  t o  [Fe(N 0 ) 2 l*
c o o r d i n a t e d  to  t h i o l  c o n t a i n i n g  p r o t e i n s ^ .  I t  i s  p o s s i b l e  t h a t  t h e  
F e -S  c l u s t e r s  a r e  c o n v e r te d  by an i n d i r e c t  r o u t e ,  s i n c e ,  i n  a d d i t i o n  
t o  t h e  b io c h e m ic a l  p r o c e s s e s  o f  t h e  F e-S  c l u s t e r s  i n  c e l l s  many o t h e r  
r e a c t i o n s  w i l l  be  o c c u r r i n g .  One o f  t h e s e  r e a c t i o n s  may r e l e a s e  t h e  
’NO' from th e  ü - n i t r o s a m i n e  t o  r e a c t  w i th  t h e  F e-S  p r o t e i n .
-  144 -
7 . 3 . 3  N i t r o s v l  e l i m i n a t i o n  r e a o . t io n 3_p f^ ro n -M i:> £ Q 3^ .1 s..
In  s e c t i o n  7 .3 .1  t h e  f o r m a t io n  o f  i r o n - n i t r o s y l  com plexes from 
s y n t h e t i c  models o f  i r o n - s u l p h u r  p r o t e i n s  i s  r e p o r t e d .  These 
i r o n - n i t r o s y l s  have  b e e n  i m p l i c a t e d  i n  c a r c i n o g e n e s i s :  how ever,
q u e s t i o n  a r i s e  o v e r  t h e  a c t u a l  mode o f  t h e i r  a c t i v i t y .  These 
com plexes may a c t  a s  ' r e s t i n g  s t a t e s '  w hich can  s u b s e q u e n t ly  r e l e a s e  
'NO' t o  c a u se  n i t r o s a t i o n  o f  b i o c h e m ic a l l y  im p o r t a n t  s i t e s  c o n t a i n i n g  
such  g ro u p s  as  am ines  o r  t h i o l s .  I t  i s  n o te d  i n  p r e v i o u s  c h a p t e r s  
t h a t  i n  a d d i t i o n  t o  t h e  l a b i l i t y  t o  exchange  o f  a l k y l t h i o l a t e  and 
h a l i d e  i o n s  c o o r d in a te d  t o  [FeCNO)^]**^» t h e  n i t r o s y l  l i g a n d s  a r e  l a b i l e  
t o  e x ch an g e .  A d d i t io n  o f  e i t h e r  [Me^NCS^*"] o r  [(RCOgPS^"] t o  
[FeCNOOgLg]" r e s u l t s  i n  t h e  f o r m a t i o n  o f  com plexes  c o n t a i n i n g  i r o n  
c o o r d i n a te d  t o  a  s i n g l e  n i t r o s y l .  C o n v e rs io n  o f  R o u s s in s  Red S a l t  t o  
R o u s s in s  B lack  s a l t  i n v o lv e s  t h e  l o s s  o f  'NO' from  one o f  t h e  f o u r  
d i - n i t r o s y l a t e d  i r o n  atoms t o  form  t h e  a p i c a l  Fe-NO.
ZtFegSgCNO)^]"^  [FeySgfNO)^]'
I n  each  o f  t h e s e  r e a c t i o n s  an  i r o n - n i t r o s y l  complex i s  c o n v e r te d  i n t o  
a  second  complex w i th  a  r e s u l t a n t  l o s s  o f  'N O '.  I n  t h e  p r e s e n c e  o f  
added t h i o l  DMF s o l u t i o n s  o f  FeCNOOCSgCNMeg)^ r e a c t  t o  y i e l d  
p a ra m a g n e t ic  m o n o - iro n  d i - n i t r o s y l  co m p lex es .  T h is  i s  found a l s o  w i th  
Fe^S^(NO)^ (5 [F e (N 0 )S ]^ )  and [Fe(CO)^(NO)3” and s i n c e  no a d d i t i o n a l  
'NO' i s  added t o  t h e s e  m ix tu r e s  and t h e  d i - n i t r o s y l  com plexes 
g e n e r a t e d  m ust r e s u l t  from a 'NO' t r a n s f e r .  T h is  can  be sum m arised i n  
t h e  c a se  o f  Fe^S^(NO)^ and Fe(NO)(SgCNMe^)^ a s ;
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Hence, i t  i s  p o s s i b l e  a t  l e a s t  i n  t h e  l a b o r a t o r y ,  t o  a b s t r a c t  ’NO' 
from  i r o n - n i t r o s y l  co m p lex es ,  t h e  r e s u l t i n g  d e n i t r o s y l a t e d  i r o n  atoms 
i f  i n  a  b i o l o g i c a l  sy s te m  would th e n  be f r e e  f o r  r e i n c o r p o r a t i o n  i n t o  
i r o n - s u l p h u r  p r o t e i n s .  I n  e . p . r .  e x a m in a t io n s  o f  mammalian c e l l s ^ ” ^ , 
t r e a t m e n t  w i th  n i t r i t e  r e s u l t e d  i n  t h e  g e n e r a t i o n  o f  ' 2 . 0 3 ' 
co m p lex es .  E x a m in a tio n  o f  t h e s e  c e l l  c u l t u r e s  r e v e a l e d  t h a t  t h e  
s p e c i e s  w ere  r e l a t i v e l y  s h o r t  l i v e d .  T his  i s  an  i m p o r t a n t  o b s e r v a t i o n  
s i n c e  i t  d e m o n s t r a te s  t h a t  a  r e a c t i o n  m ust have o c c u r r e d ,  w hich may 
have  r e t u r n e d  t h e  a c t i v i t y  t o  t h e  i r o n - s u l p h u r  c l u s t e r  and have  a l s o  
r e l e a s e d  'NO' i n t o  some o t h e r  b io c h e m ic a l  s i t e  i n  t h e  c e l l .
Both FegCSCHgCOOHÏgCNO)^ and [Fe^jS^(NO)^]“ i n  aqueous  s o l u t i o n  
w ere  found to  be r e a d i l y ,  and c o m p le te ly ,  decomposed by t h e  a c t i o n  o f  
t h e  weak o x i d i s i n g  a g e n t s  l ” , Br“ , A g ( I )  and C u ( I I )  r e s u l t i n g  i n  t h e  
e v o l u t i o n  o f  n i t r i c  o x id e  i n  each  c a s e .  In d ee d  th ro u g h o u t  t h e  
e x a m in a t io n  o f  t h e  p r o p e r t i e s  o f  t h e s e  i r o n - s u l p h u r  n i t r o s y l s ,  i n  
p a r t i c u l a r  i n  t h e  c a s e  o f  t h e  m ononuclear  s p e c i e s ,  c a u t i o n  had t o  be 
d e m o n s t ra te d  t o  e n s u r e  t h a t  t h e  com plexes  w ere  n o t  o x i d i s e d  by c o n t a c t  
w i th  a tm o s p h e r ic  oxygen .
The mode o f  n i t r o s y l  t r a n s f e r  be tw een  two [Fe-NO] f ra g m e n ts  i s  
c u r r e n t l y  unknown. T h is  p r o c e s s  i s  n o t  s o l e l y  r e s t r i c t e d  t o  t r a n s f e r  
be tw een  o t h e r  i r o n - n i t r o s y l s :  Wang and cow orke rs^ ^  have  found  t h a t
FegCSRÏgfNO)^ r e a c t s  w i th  am ines  i n  aqueous  a c id  t o  y i e l d  
ü - n i t r o s a m i n e s .  R e p e t i t i o n  o f  t h i s  s tu d y  w i th  e i t h e r  Fe2 ( 8 E t ) 2 (N0 )^  
o r  [Fe,,S-(NO) ]~ w i th  ü - m e th y l  a n i l i n e  r e s u l t e d  i n  t h e  c o m p le te  
d e c o m p o s i t io n  o f  t h e  i r o n  s u lp h u r  com plexes and t h e  p r o d u c t i o n  o f  t h e  
JÊi-nitrosam ine N .-n i t ro s o  m e th y l  a n i l i n e .
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Table 1: n .m .r . data for  Fe2 CSR)2 (CO)g
0  0
Conformation a b 0
£35% Chemical S h i f t / p . p . m ,
CDClg 2 . 1 3 2 .17 1 .6 3 ]
Toluene-dg
E=jBl
1 . 5 0 1.57 1 .1 7 ;
'SCH3
■
CDClg 2 .45  . 2 . 4 5 2.15^
Tolueno-dg 2 . 0 7 2 . 0 7 I . 8 5 J
scHg
CDCI3 1 . 3 3 1 . 3 8 i . i n I
Tolüene-dg
R=Pr^
i.0 1 1 . 0 1 0 . 8 2 1 CH3
CDCl d d M  ■s c a
Toluone-dg d d - d 1
CDCI3 1 . 3 s 1 . 3 9 1.16' CH3
Toluane-dg 1 . 0 3 1 . 0 9  ■ 0 .91,
BsPeH
CDCl, 2 .45 2 .4 3 2 . 13'J
Tolüene-dg 2 . 0 8 2 . 0 8 1.89,
‘ SCHg
CDCl, 1 . 0 3 1.07 0 . 9 4J
Toluene-dg
R=BU*
0.77 0 .7 8 0 .7 4 /
CDCI3 2 . 4 7 2.1(7 2 .1 5 SCHgToluene-dg 2 . 2 3 2 .23 2 .0 2 ,
CDCl, 0 . 9 5 0 . 9 5 0 . 9 0 'J
Toluene-dg 0.81 0.81 0 .7 2
CH3
a . ; b . ,  and o , r e fe r  
d, not r e so lv e d .
to  th e ir  releva n t oonform atiohs •
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APPENDIX.2
j  Jî_ n., ,_.exam.ii.iaMo n_o£_Ee^lSRl^.(Cfllg_
2 .1  E x p e r im e n ta l .
A lk y l  a n a lo g u e s  o f  FegfSR^gCCO)^ were p re p a r e d  by t h e  l i t e r a t u r e  
1 1method . H n . m . r ,  s p e c t r a  w ere  r e c o rd e d  f o r  sam p les  i n  b o th  CDCl^ 
and t o lu e n e - d g  ( t a b l e  1 ) .  n . r a . r ,  s p e c t r a  w ere  r e c o r d e d  on a  WP-80 
B ru k e r  m ach ine .
2 .2  R e s u l t s .
As p a r t  o f  an i n v e s t i g a t i o n  o f  t h e  ASIS phenomena, t h e  n . m . r .  
s p e c t r a  w ere  r e c o r d e d  f o r  a  s e r i e s  o f  a l k a n e t h i o l  d e r i v a t i v e s  o f  
Fe2(SR)2(C 0)6 (R = M e,E t,P r^ ,P r* ,B u ^ )  i n  t h e  CDCl and to lu e n e - d g  
s o l u t i o n s  (T a b le  1 ) .
2Fe2 (SR)2 (C0 )g can  e x i s t  i n  t h r e e  s t r u c t u r a l  c o n fo r m a t io n s  , 
a l th o u g h  f o r  a l k a n e t h i o l  s u b s t i t u t e d  a n a lo g u e s  o n ly  two c on fo rm era  
have  been  i d e n t i f i e d ^ .  Looking a t  t h e  d e t a i l s  o f  th e  c h e m ic a l  
s h i f t s  l i s t e d  i n  T ab le  1 , i t  i s  n o t a b l e  t h a t  t h e  s h i f t  i n  t h e  
r e s o n a n c e s  on ch a n g in g  s o l v e n t s  i s  i n  t h e  same d i r e c t i o n  a s  t h a t  j
o b se rv e d  f o r  F e2 (S R )2 (N 0)^ . The s h i f t  i n  r e s o n a n c e  on c h an g in g  
s o l v e n t  v a r i e s  i n v e r s e l y  w i th  t h e  d i s t a n c e  o f  t h e  p r o to n s  from  th e
i r o n - s u l p h u r  c o r e .  The m agn itude  o f  t h e  s h i f t  i s  a l s o  a f f e c t e d  by th e
l e n g t h  o f  t h e  a l k y l  c h a in ;  t h e  lo n g e r  th e  c h a in  t h e  s m a l l e r  t h e
s h i f t .  F i n a l l y  i t  i s  n o te d  t h a t  t h e  c o n fo rm a t io n  o f  t h e  a l k y l  c h a in
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and th e  c o n fo rm a t io n  o f  th e  c h a in  a d j a c e n t  to  t h e  o b se rv e d  c h a in  
a f f e c t s  th e  m agn itude  o f  t h e  o b se rv e d  s h i f t .  These r e s u l t s  a g r e e  w i th  
t h o s e  o b se rv e d  f o r  t h e  s o l v e n t  s h i f t  phenomena o b se rv e d  f o r  
Feg/SRÏgfNO)^ ( c f .  c h a p t e r  3 ) .
2 .3  R e f e r e n c e s .
1 . L. M aresca ,  F . G re g g io ,  G. S b r i g n a d e l l o ,  and G, B or, INORG. 
CHEMICA ACTA 5., 66? (1 9 7 1 ) .
2 .  D. S e y f o r th  and R .S . H enderson , J .  ORGANOMET. CHEM. 2 1 8 . C34
( 1981) .
— 1 5 2  —
rFefCNI^fNO^ir**.
3 .1  E x p e r im e n ta l .
( a )  P r e p a r a t i o n  o f  [Fe( ^^CN)^(^^NO) To [Fe(*’^CN)g{*^^NO) ] “ ^ (50  mg)
p r e p a r e d  as  d e s c r i b e d  i n  l i t e r a t u r e ^  i n  D^O (3 ml) was added NaC^^NOg]
(50  mg); . t h i s  m ix tu r e  was s to o d  i n  t h e  d a rk  u n d e r  n i t r o g e n  f o r  two
15 13weeks b e f o r e  e x a m in a t io n  by b o th  N and C n .m . r * .
(b )  P r e p a r a t i o n  o f  [Fe(^^CN)(^^N02)3"’^ .  ( i )  To th e  s o l u t i o n  p r e p a r e d
i n  ( a ) ,  was added a s m a l l  q u a n t i t y  o f  NaOH. The and n . m . r ,
s p e c t r a  o f  t h i s  sam ple  was r e c o r d e d  im m e d ia te ly  a f t e r  a d d i t i o n ,
( i i )  To [ F e ( ^ ^ C N ) g ( ^ ^ N O ) (50 mg) i n  D^O (3 ml) was added a  s m a l l
q u a n t i t y  o f  NaOH, To t h i s  m ix tu re  was added NaC^^NO^] (50 mg) and th e  
15 13N and C n .m . r .  s p e c t r a  im m e d ia te ly  r e c o r d e d .
( c ) P r e p a r a t i o n  o f  [Fe(^^CN)g(*’ \ o 2 )]* ' ‘^ .  To [Fe(^^CN )^(^^N O )3“ ^ (50  mg) 
i n  DgO (3 ml) was added a  s m a l l  q u a n t i t y  o f  NaOH, The and ^^N 
n . m . r .  o f  t h i s  m ix tu re  was r e c o r d e d  im m e d ia te ly  a f t e r  a d d i t i o n  o f  t h e  
b a s e ,  and a f t e r  15 h o u r s .
15 13N and 0 n . m . r ,  s p e c t r a  w ere  r e c o r d e d  on t h e  SERC B ru k e r  WH-360 
s p e c t r o m e te r  a t  E d in b u rg h ,
■TabX.e . M   W m  î£æ. t h r e e  , i s o t p p l o  form s o f
i r
[Fe(13cN), '1 5 ,
ULei  CN ) NP.)jr?. flfld.. I  F s i  CNJ
[Fe(1^CN ax
[Fe(1^CN ax
[Fe(I^CN)
[Fe(1^CN ax
[Fe(1^CN ax
'NO)] -2
^Cax) +132,4  p .p .m . (p X d) 17.7 Hz
^Cpq) +134,4  p .p .m . (d X d) 2 j ( 1 3 c  Fe^^N)■“  ax 13.1 Hz
■^ N) -  9 .9  p .p .m . (d X P) 2 j ( 1 3 c  F e ^ % )eq 3 .6 Hz
(1^C N ^^)(13cN ^^)g(15N 0)]“•2
ax^ +132.4  p .p .m . (q X d) 17.6 Hz
13.1 Hz
5n ) -  9 .9  p .p .m . (d X q) 3 .5 Hz
( 1 3 c N g q ) ^ ( 1 5 N 0 ) ] " 2
^C ) +134.4  p .p .m .  eq (d) F e ’ ^K)eq 3.6 Hz
5n ) b
ISNOg)]"*
^Cax) + 174 ,0  p .p .m . (  P >: d) 2 i ( 1 3 c ^ F e 1 3 c ^ ^ ) 9.1 Hz
^C ) +176.7  p .p .m .eq (d X d) 5 .4 Hz
^N) +174.4 p .p .m . (d X P) ^J .( ’ ^CgqFe’ % ) 1 .9 Hz
(12cN^^)(13cn^ ^)^(15„o^ )1r "
ax^ +174,2  p .p .m . (q X d) 2 i ( ’ 3 c ^ F e ' ' 3 c ^ ^ ) 9.1 Hz
^ j L C ^ ^ C ^ F e l ^ N ) 5 .4 Hz
5n ) b ^ £ ( 1 ^ 0  F e ^ ^ N )  eq b
^C ) +176,7 p .p .m . (d) 2 j ^ ( 1 3 c ^ ^ F e ’ ^ N ) 1 .9 Hz
5n) b F e ’ ^N)eq b
SL Chemical s h i f t s  m easured  i n  aqueous s o l u t i o n s  r e f e r e n c e d  a g a i n s t
15,e x t e r n a l  
q z q u a r t e t ;  p s q u i n t e t .  
h. Not o b s e rv e d .
Me^Si (1^C) o r  CH^I^nq^ ( ’^N); c o u p l in g :  d = d o u b le t ,
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3 . 2  R e s u l t s .
As p a r t  o f  a  c u r r e n t  l i n e  o f  i n v e s t i g a t i o n  i n  t h i s  l a b o r a t o r y  
i n t o  sodium n i t r o p r u s s i d e  ( [Fe(CN)^(NO)iNa^) and r e l a t e d  s p e c i e s  t h e  
and n .m . r .  s p e c t r a  w ere  r e c o r d e d  f o r  [ F e ( ^ ^ C N ) ^ ^ N O ) a n dD
[Fe(13cN)g(15N0g)]-4 ( t a b l e  1 ) ,  The c r y s t a l  s t r u c t u r e  o f
[ F e ( C N ) ^ ( N O ) h a s  been  d e te rm in e d ^  and r e v e a l s  t h a t  t h e  i o n  has
symm etry, w i th  one a x i a l  and f o u r  e q u i v a l e n t  e q u a t o r i a l  c y a n id e
l i g a n d s .  The a n io n  was p r e p a r e d  i n  t h i s  s tu d y  by a p p l i c a t i o n  o f  90^ 6 
13e n r i c h e d  Na[ CN], r e s u l t i n g  i n  a  s t a t i s t i c a l  d i s t r i b u t i o n  be tw een  th e  
two s i t e s ,  w i th  59.0% o f  t h e  i o n s  [Fe( ( 1 ) ,  26.2%
[Fe(13cM )(12cN )(13cN ) N 0 ]-2 (2 )  and 5.6i8 [Fe(''^CNcLx. cy J ax GQ 4
( 3 ) .  No o t h e r  s t a t i s t i c a l  c o m b in a t io n  o f  ^^CN and r e p r e s e n t s  more
th a n  2.9% o f  th e  i o n s ,  to o  low f o r  d e t e c t i o n  i n  t h i s  n .m . r .  s t u d y .
NC
NC
N
t N
NO
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C O
IC L
C OC O
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<DpH
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"«tC O
SQ.ÛL
10C O
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?
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e
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1 ^I n  complex (1 )  t h e r e  a r e  two CN e n v iro n m e n ts  i n  a  4 :1  r a t i o .  I n
complex (2) t h e r e  a r e  two e n v iro n m e n ts  i n  t h e  r a t i o  3 : 1 ,  and i n  (3 )  t
1 ^ 1 ot h e r e  i s  b u t  a  s i n g l e  CN e n v iro n m e n t .  The '^CN n . r a . r ,  s p e c t ru m  o f
1t h i s  e n r i c h e d  io n  has  been  p r e v i o u s ly  r e c o rd e d  by McGinnis ' . The
11r e s u l t i n g  sp e c tru m  p o s s e s s e s  two ON re s o n a n c e s  i n  t h e  r a t i o  4:1
( c a .  134 .4  and 132 .4  p .p .m . )  due t o  th e  e q u a t o r i a l  and a x i a l  c y a n id e
1Rl i g a n d s .  I n  a d d i t i o n  c o u p l in g  i s  p r e s e n t  t o  t h e  o t h e r  ON l i g a n d s .
1 ?I n  t h e  e q u a t o r i a l  *^ CN r e g i o n  (1 3 4 .4  p .p .m . )  a  d o u b l e t  i s  p r e s e n t  due
t o  (1 )  ( r e s u l t i n g  from  t h e  c o u p l in g  o f  t h e  a x i a l  ^^CN l ig a n d  ( 1 = 1 /2 ) )
and a  s i n g l e t  due t o  ( 3 ) .  I n  t h e  a x i a l  r e g i o n  (1 3 2 .2  p .p .m . )  a
q u i n t e t  i s  p r e s e n t  due t o  (1 )  ( r e s u l t i n g  from  t h e  c o u p l in g  o f  f o u r  
1 ?e q u i v a l e n t  CN l i g a n d s )  and a  q u a r t e t  due t o  (2 )  (from  t h e  c o u p l in g
1 ^o f  t h r e e  e q u i v a l e n t  CN l i g a n d s ) .
A d d i t io n  o f  ^^^0^ to  aqueous [Fe(^^CN)^(^^NO)] ^ r e v e a l e d  t h a t  
th e  n i t r o s y l  g ro u p  was l a b i l e  to  exchange . The ^^C n . m . r ,  o f  t h e  
m ix tu re  b e in g  e s s e n t i a l l y  i d e n t i c a l  to  t h a t  r e c o r d e d  f o r  
[Fe(^^C N )_(^^N O )]"^  e x c e p t  t h a t  a d d i t i o n a l  c o u p l in g  t o  a  s i n g l e  ^^N 
(1 = 1 /2 )  was r e s o l v e d  ( f i g .  1 ) .  The ^^N n .m . r .  was r e c o r d e d  o f  t h e  
r e s u l t i n g  i o n  ( f i g .  2 ) ,  t h e  sp e c tru m  b e in g  composed o f  an o v e r l a p p in g  
d o u b l e t  o f  q u i n t e t s  and a d o u b l e t  o f  q a u r t e t s ,  due to  (1 )  and ( 2 ) .  
Due to  t h e  low er  c o n c e n t r a t i o n  o f  (3 )  and t h e  l a r g e r  l i n e  w id th s  no 
c o u p l in g  was o b s e rv e d  which c o u ld  be a s s ig n e d  unam biguously  t o  t h i s  
i s o m e r .
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[Fe(CN)^NO]” ^ i s  r e a d i l y  c o n v e r te d  t o  [Fe(CN)_(NO) by5 0 d
a d d i t i o n  o f  b a se  to  aqueous  s o lu t i o n s ^ *  A d d i t io n  o f  b a s e  t o  s o l u t i o n s
1  ^ —2c o n t a i n i n g  [Fe( CN)j-(NO)] r e s u l t e d  i n  t h e  g e n e r a t i o n  o f  a  new 
s p e c t ru m .  T h is  sp e c tru m  was s i m i l a r  to  t h a t  o f  [Fe(CN)^(NO) 
e x c e p t  th e  a b s o r p t i o n s  were t o  low f i e l d  o f  th o s e  a s s ig n e d  t o  
[ F e ( ^ ^ C N ) g ( N O ) ( 1 7 4 , 0  and 176.7 p . p . m . ) .  T h is  new sp e c t ru m  was 
a s s ig n e d  t o  [Fe(CN)^(N0 2 ) t h e  a s s ig n m e n t  b e in g  c o n fi rm e d  by 
a d d i t i o n  o f  b a s e  t o  s o l u t i o n s  c o n ta i n in g  [Fe(^^CN )^(^^N O )]“ ^ by th e  
i n c r e a s e  i n  t h e  m u l t i p l i c i t y  due to  c o u p l in g  to  i n  t h e  n .m . r ,  
s p e c t ru m .  E x a m in a tio n  o f  t h e  i o n  by n . m . r .  y i e l d e d  a  sp e c tru m  
( f i g . 3) e s s e n t i a l l y  i d e n t i c a l  t o  t h a t  o f  [ F e ( ^ ^ C N ) ^ ( ^ ^ N O ) e x c e p t  
t h a t  th e  ch em ica l  s h i f t  had moved to  low f i e l d .
The n i t r i t e  complex [F e (C N )^(N 0 2 )]"^ ,  e x i s t s  i n  an  e q u i l i b r i u m
^3 llw i th  [Fe(CN)gOH2 ]"^  . A ttem p ts  t o  g e n e r a t e  t h i s  s p e c i e s  by a d d i t i o n  
o f  a  l a r g e  e x c e s s  o f  b a s e  r e s u l t e d  i n  th e  o b s e r v a t i o n  o f  a  weak 
s p e c tru m  which may have been  th e  aqua complex ( ^ ^ C ^ ) , 1 77 .2  p .p .m . ;
( I^ C g q ) ,  1 72 .8  p .p . m . ,  ^ J (^ ^ C ^ F e ^ ^ C ^ q ) ,  9 Hz.
The Fe-N -0  bond i n  [Fe(CN)^NO]"^ i s  an exam ple o f  a  l i n e a r  
n i t r o s y l ,  and th e  r e c o r d e d  c h e m ic a l  s h i f t  c a . - 9 . 9  p .p .m .  i s  
w i t h i n  t h e  r an g e  p ro p o sed  by Mingos and c o w o r k e r s f o r  such  
f r a g m e n ts .  Few exam ples a r e  r e c o r d e d  i n  t h e  l i t e r a t u r e  o f  m e ta l  
n i t r o s y l  f r a g m e n ts ,  even  l e s s  a r e  r e c o r d e d  f o r  n i t r i t o  com plexes and 
a t  p r e s e n t  no comment can be made on a  com parab le  r a n g e  o f  n i t r i t o  
f r e q u e n c i e s .
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